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Conversion  Factors, 
Non-SI  to  SI  Units  of 
of  Measurement 


1  Introduction 


Pascagoula  Harbor 

Physical  description 

Pascagoula  Harbor  is  located  on  the  Gulf  of  Mexico  coast  in  the  state  of 
Mississif^i  ^qnoximately  30  miles'  west  of  Mobile  Bay,  Alabama.  The 
harbor,  shown  on  Figure  1,  ctmsists  of  two  separate  chtuinel  legs;  the 
Pascagoula  Channel  and  the  Bi^ou  Casotte  Channel.  These  two  channels  ate 
both  served  by  the  Entrance  Channel,  the  Hmn  Island  Pass  and  the  lower  teach 
of  the  Pascagoula  Chatmel.  Near  die  center  of  tte  Mississi[9i  Sound  the 
channel  ^lits  into  the  Bayou  Casotte  Chatmel  heading  qipraximately  due 
north  and  the  Pascagoula  Channel  heading  nmthwest  tow^  the  mo^  of  the 
Pascagoula  River  (known  locally  as  Singing  Rivw).  Major  industrial  activity 
in  the  Bayou  Clasotte  Harbor  includes  a  large  petroleum  refinery,  owned  and 
(grated  by  Chevron  USA,  Inc.,  a  coal-ctdce  dock  and  other  bulk  commodity 
loading  facilities  including  one  used  tty  LASH  (lifter  aboard  ship)  ships. 
Primary  comroetcial  activity  in  the  Pascagoula  Harbor  includes  die  Ing^ 
Shipbuilding,  Inc.  shipyard,  a  public  grain  terminal  and  numerous  general 
cargo  loading  facilitms.  Construction  and  repair  of  jack-up  and 
semi-submersible  oil  drilling  rigs  are  ctmducted  in  both  Bayou  Casotte  and 
Pascagoula  Harixus. 

The  main  physical  features  of  the  present  channels  are 

a.  The  Entrance  Channel  (also  known  as  the  Hcun  Island  Pass  Channel) 
which  is  ipproximately  4  nautical  miles  long.  This  channel  leads  into 
the  Mississippi  Sound  fixrni  the  southwest  and  turns  and  enters  the 
sound  through  the  Horn  Island  Pass.  The  present  width  of  the  channel 
is  350  ft  with  a  (noject  depth  of  40  ft  below  Gulf  Coast  low  water 
datum  (gclwd).  The  widdi  of  the  two  bends  in  the  Horn  Island  Pass  is 
rpproxunately  450  ft 

b.  The  Lower  Pascagoula  Chaimel  (also  known  as  the  Main  Chatmel) 
which  is  ipproximately  4  nautical  miles  long.  This  channel  crosses 
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about  (Hie-half  of  the  Mississippi  Sound  in  an  iqqxoxinaaie  noith-soutb 
directkMi  terminating  at  the  intersection  of  the  Bayou  Casotte  and 
Pascagoula  Channels.  The  present  width  of  the  channel  is  350  ft  with  a 
depth  of  38  ft  gclwd. 

c.  The  Upper  Pascagoula  Channel  (also  known  as  the  Main  Channel) 
which  is  af^Moxim^ly  6  nautical  miles  long.  The  channel  crosses  the 
Mississif^i  Sound  in  a  omthwesterly  direction  before  turning  to  a 
northerly  diiectioa  at  the  mouth  of  die  Pascagoula  River.  The 
deq^li^  channel  ends  at  the  turning  basin  south  of  the  Louisvilte  and 
Na^ville  (L  &  N)  Railroad  bridge  in  the  city  of  Pascagoula.  The 
present  width  of  the  chaiuiel  is  350  ft  with  a  depth  of  38  ft  gclwd. 

d.  The  Bayou  Casotte  Channel  t^iicb  is  approximately  4  nautical  miles 
Imig.  The  channel  diverges  from  the  main  channel  at  the  shoreward 
end  of  the  Lower  Pascagoula  Channel  and  lies  in  an  almost  due 
nordi-soudi  direction.  Near  the  mouth  of  the  Bayou  Casotte  iimer 
harbor  the  channel  makes  a  sli^t  bend  toward  the  east,  enters  die 
harbor  area  and  terminates  at  a  turning  basin.  The  channel  is  presendy 
225  ft  wide  through  most  of  its  lengdi  widening  to  300  ft  in  tte  inner 
part  of  the  harbor.  The  existing  jKoject  depth  is  38  ft  gclwd. 

Presendy,  die  types  shqis  calling  at  the  Port  of  Pascagoula  include 
LASH  shqis,  bulk  carriers  and  oil  tankers.  The  LASH  diips  are  the  longest 
with  kng^  overall  (LOA)  up  to  894  ft  with  beams  of  1(X)  ft  The  oH  tankers 
ate  up  to  784  ft  LOA  with  beams  of  122  ft  and  the  largest  bulk  carriers  are 
Panamax  class  vessels  up  to  750  ft  LOA  and  106  ft  wide.  Primarily,  only  die 
bulk  carriers  go  into  die  Pascagoula  ride  of  die  port  and  all  diree  types  of 
ships  use  the  Bayou  Casotte  channel,  although  bulk  carriers  in  Bs^ou 
Casotte  are  somewhat  smaller,  ranging  up  to  650  ft  in  length.  The  dr^  of 
visiting  vessels  run  up  to  36  ft  except  for  die  LASH  ships  which  usually  do 
not  draft  deeper  than  34  ft  The  ftet  of  oil  tankms  in  the  area  operates  in  a 
lightering  ci^ability  which  requires  frequent  loadingAinloading  trips  between 
large  tankers  mooi^  offshore  and  die  reftneiy  in  Bi^ou  Casotte  Harbor.  This 
tanker  fleet  includes  a  new  class  of  lightering  tankers  which  are  equif^ied  with 
the  recendy  developed  Schilling  rudder,  which  at  low  ship  speeds  operates 
similar  to  a  stem  thruster.  These  tankers  were  recendy  introduced  in 
Pascagoula  in  hc^ies  of  utilizing  their  manraverability  for  easier  (^ration, 
especially  Ah'  nij^ttime  transits,  which  at  the  present  time  are  not  allowed  by 
the  pilots.  Futdier  discussion  concerning  the  impact  of  these  tankers  on  the 
simuladon  study  will  be  |»esented  later. 
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Figure  1.  Study  area 
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Currently,  the  predominant  business  in  the  Pasci^oula  River  is  that  of  grain 
expret  which  means  that  the  ships  are  in  ballast  or  light  load  when  they  enter 
Pascagoi:!a  and  leave  heavily  la^n.  The  ships  are  usually  turned  in  the 
turning  basin  near  the  railroad  Inidge  at  first  arrival.  The  Bayou  Casotte 
channel  serves  mainly  the  inqwrt  business;  ccmsequently,  the  bulk  carriers  and 
tankers  usually  come  in  heavily  laden,  tie  up,  unload  and  then  are  turned  in  the 
turning  basin  at  the  head  of  the  channel  when  in  light  load  condition.  This 
means  that  the  tankers,  whose  destination  is  near  the  mouth  of  Bayou  Casotte, 
must  transit  the  entire  length  of  the  inner  harbor  before  reaching  the  turning 
basin.  The  bulk  carriers  usually  are  tied  up  at  conunercial  facilities  closer  to 
the  existing  turning  basin  and,  dieref(»e,  do  not  take  as  long  to  be  turned 
around.  The  nature  of  the  LASH  barge  business  is  such  that  generally  die 
LASH  ships  pick  up  about  the  same  amount  of  cargo  as  is  unloaded;  therefrxe, 
these  ships  arrive  and  depart  with  roughly  the  same  draft  The  LASH  vessels 
have  <mly  one  destinaticMi  in  the  Bayou  Casotte  harbor.  The  usual  practice  is 
for  tile  LASH  ships  to  be  taken  beyond  the  bertii  and,  with  tug-assist  backed 
in  poit-side-to.  At  departure  tiiese  ships  pull  directly  out  into  the  channel  and 
proceed  south. 


Navigation  probioms 

Navigation  difficulties  in  tiie  study  area  are  a  result  of  the  comUnation  of 
narrow  channels,  long  ships  and  cross  winds  and  currents.  Also,  the  length  of 
the  channel  teaches  cause  course  keeping  difficulties  as  dK!  pilots  fi^t  strong 
sway  and  yaw  forces.  At  times  the  pilots  have  to  maintain  a  high  rate  of 
spe^  especially  in  the  Entrance  and  Hmn  Island  Pass  Gunnels,  to  coumeract 
tte  set  caused  by  these  fnces.  These  hi^  rates  of  speed  cause  die  ships  to 
react  (at  times  rather  extremely)  to  the  submerged  banks  adjacent  to  tiu 
channels  through  the  processes  of  bank  suction  and  shear.  These  bank  effects 
sometiines  cause  the  ^ips  to  shear  back  and  forth  across  die  channel  utiiile  tiu 
pilot  tries  to  reduce  spe^  and  control  tiu  ship  with  rudder  movenunt  This 
jtiunomenon  is  equcially  severe  whm  the  pilot  is  in  the  process  of  slowing 
his  vessel  in  preparation  for  the  bends  or  when  nearing  the  harbor. 
Furtiurmore,  in  Horn  Island  Pass,  strcmg  northeriy  or  northwesterly  winds  can 
cmistitate  an  additional  driving  force  for  the  ebbing  tide  and,  at  such  times,  tiu 
currents  can  cause  difficulty  for  loaded  slups.  In  the  Lower  Pascagoula 
Gunnel,  the  primary  difficulty  occurs  when  a  LASH  ship  transits  the  reach 
during  times  of  eas^y  or  westeriy  winds.  These  directions  are  perpendicular 
to  the  chaniul  in  this  reach  and,  a^r  tiu  wind  has  blown  steadily  for  a 
significant  period  of  time,  crcus  currents  develop  in  the  channel.  These  cross 
currents,  U^ether  with  the  wind  itself,  can  make  course  keeping  difficult  while 
piloting  a  ship  with  high  windage  area  such  as  a  LASH  ship.  Another  area  that 
creates  problems  at  certain  times  is  the  bend  at  the  Pascagoula  River  entrance 
in  the  Upper  Pascagoula  Gianrul.  During  titius  of  high  fresh  water  outflow 
from  the  river,  difficulties  can  occur  during  negotiation  of  the  bend.  Also,  the 
intersection  between  the  Pascagoula  and  Bayou  Guotte  Guniuls  is  difficult  to 
nuiuuver,  depending  cm  which  direction  and  which  chaniul  the  ship  is 
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entering  and  leaving.  In  the  Bayou  Casotte  Channel  even  though  there  is  little 
cunent  and  tugs  are  usually  available  for  slowing  the  vessel,  tlw  narrowness  of 
the  channel  can  cause  navigation  difficulties  because  of  bank  suction  and  wind. 

Along  with  the  navigation  problems  discussed  above,  additional  difficulties 
are  experienced  during  nighttime  transits,  according  to  the  Pascagoula  pilots. 
The  specific  area  of  concern  is  the  Entrance  Chaiutel  and  Horn  Island  Pass 
which  the  pilots  report  as  being  very  demanding  at  nighttime  because  of  the 
3S0-ft  charmel  wid^  aiKl  the  effect  of  limited  visibility.  Because  of  these 
concerns  the  pilots  have  imposed  time-of-day  restrictions  on  certain  ships; 
most  notably.  LASH  ships  and  some  tankers.  The  introductitm  of  the  new 
design  lightering  tankers  has  exacerbated  this  problem  because  the  pilots  have 
expoienced  less  maneuverability  with  these  ships  than  expected.  The  pilots* 
concerns  about  nighttime  transits  were  the  basis  of  the  district’s  request  fin*  an 
extension  of  the  simulator  study.  This  extension  consisted  of  additional 
simulations  which  were  setup  to  test  nighttime  conditions  in  only  the  Entrance 
Qiannel  and  Horn  Island  Pass  and  were  or^ized  after  completion  of  the 
initial  daytime  simulations  conducted  in  all  die  diaruiel  segments. 


PropoMd  channel  fn^mvements 

A  pttqwsed  plan  for  channel  modificatimis  in  the  Pascagoula  Harbor  has 
been  made  by  US  Army  Engineer  District  (USAED)  Mobile.  Alabama.  The 
proposal  includes  a  4-ft  deepening  to  44  ft  in  the  Entrant  Qiannel  and  42  ft 
in  the  remaining  channel  reaches  from  the  existing  40  ft  and  38  ft, 
respectively.  As  originally  (nx^iosed  in  the  district’s  Feasibility  Report,  the 
following  modifications  to  charmel  alignment  and  width  were  recommended: 

a.  The  Entrance  Qiarmel  would  be  widened  from  the  existing  350  ft  to 
550  ft  with  the  same  alignment 

b.  The  charmel  through  Horn  Island  Pass  would  be  moved  approximately 
500  ft  to  the  west  of  its  present  locadcm  in  order  to  conqiensate  for  the 
natural  drift  of  the  position  of  the  deepest  part  of  the  inlet  channel. 

The  width  of  this  part  of  the  channel  would  be  600  ft  with  qipropriate 
extra  widenings  at  the  two  bends.  The  existing  sediment  impounding 
basin  adjacent  to  Petit  Bois  Island  would  be  moved  with  die  channel  to 
the  west  and  lengthened. 

c.  The  Pascagoula  Qiannel  fiom  the  connection  with  the  Horn  Island  Pass 
Qiannel  all  the  way  to  the  Pasci^oula  River  harbor  would  remain  350 
ft  wide.  Bend  wideners  would  be  craistructed  at  the  intersection  with 
Bayou  Casotte  Charmel  and  at  the  mouth  of  the  Pascagoula  River. 

d.  The  Bayou  Casotte  Channel  would  be  widened  from  the  existing  225  ft 
to  a  width  of  350  ft.  A  bend  widener  would  be  provided  at  the 
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itttefsection  with  die  Pascagoula  Channel  and  at  the  mouth  of  the 
Bayou  Casotte. 

e.  A  new  turning  basin  would  be  fnovided  at  the  entrance  to  die  Bayou 
Casotte  inner  harbor  on  die  west  side  opposite  die  oil  refinery.  A 
turning  diameter  of  1 150  ft  would  exist  in  the  pn^iosed  basin  with  a 
length  along  the  back  edge  of  600  ft. 


Simulation  atudy  prepoaad  conditions 

After  conqiletion  of  the  Feasibility  Report  subsequent  heightmed  concern 
over  project  costs  lead  the  District  to  consider  narrower  chamiels  than  diose 
origiiudly  proposed.  It  was  decided  that  a  set  of  altenudve  channel  widths  for 
eadi  charmel  teach  would  be  studied.  These  alternatives  are  listed  below. 

a.  Widths  of  450  ft  or  550  ft  in  the  Entrance  Channel. 

b.  Widths  of  500  ft  or  600  ft  in  die  Horn  Island  Pass  Channel. 

c.  Widths  of  350,  300  or  250  ft  in  the  Main  Pascagoula  and  Bayou 
Casotte  Channels. 

^quofuiate  bend  widmings  would  acconqMuiy  each  of  the  altemadves. 
Another  modification  to  die  feasilality  pnqiosal  involves  sediment  impounding 
baans  in  die  Entrance  Channel.  The  basin  in  the  reach  adjacent  to  Pdh  Bois 
Island  will  be  erqianded  to  stretch  along  die  eastern  side  of  the  diannel 
throughout  the  southern  half  of  the  pass.  An  addftkmal  inqioonding  basin  will 
be  constructed  on  the  eastnn  side  of  the  Entrance  Channel  to  coriqiensate  for 
localized  shoaling  which  has  encroached  into  the  charmel  reoendy.  The  dquhs 
of  the  inqxMuiding  basins  ate  (utqxised  to  be  the  same  as  die  chmnel  dqpth  in 
the  area.  The  other  detaUs  of  die  {uoposal  in  die  Feasibility  Rqxut  woiM 
remain  unchanged,  such  as,  die  propel  channel  dqith  and  die  design  of  die 
inoposed  turning  basin  in  die  Bityou  Casotte  harbor.  Hgure  2  shows  the  entire 
study  channel  as  inqilemented  in  the  simulator,  the  insets  show  critical  areas  in 
greater  detail. 


Scope  of  Simulator  Study  and  Teat  Deeign 

A  particular  concern  affecting  new  channel  construction  was  die  presence 
of  petroleum  pipelines  crossing  the  Pascagoula  and  B^ou  Casooe  Cbarmels  in 
three  separate  locations  (see  Rgure  2).  Originally,  it  was  dioi^  that  for  a 
nominal  350-ft  widdi  the  channel  coidd  be  narrowed  to  300  ft  itt  diese 
locations  widioot  pipeline  relocation.  One  scenario  was  included  in  the 
shnulatitm  test  program  which  tested  navigability  of  diis  channel  narrowing 
throu^  die  two  pipeline  crossings  in  the  Pascagoula  Channel. 
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Figure  2a  Study  channel  as  impleniented  in  the  simulator 
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After  the  start  of  pilot  testing,  elevation  surveys  obtained  by  die  District 
showed  diat  die  pipelines  at  dieae  two  locations  would,  ind^  require 
relocation  for  any  channel  wkhh  prior  to  deepening.  For  die  other  pipeline 
crossing,  in  the  Bayou  Casotie  Chanel,  die  IMstrict  determined  that  tf  the 
channel  could  be  narrowed  only  on  die  western  side  without  affecting  vessel 
navigation  dien  die  pipeline  would  not  have  to  be  relocated.  This  new 
information  led  to  a  change  in  test  conditions  during  the  study.  The  original 
test  of  the  pipeline  constrictions  in  the  Pasc«goula  Channel  was  dropped  and 
diacossions  concerning  the  results  will  not  be  presented  in  diis  rqwit.  The 
alrgnmeitt  for  the  Bayou  Casotte  Channel  was  duuiged  for  the  remainder  of  die 
siroulation  tests  to  reflect  a  western-side  narrowing  at  the  pipeline  crossing. 

Widi  many  channel  configunnions  and  natural  conditions  to  be  ctmsidered, 
it  was  important  to  streamline  and  design  die  simulation  study  to  test  die  worst 
case.  It  was  conndered  not  practical  to  test  all  combinations  of  die  individual 
diannel  segment  widths  listed  idiove.  This  reasoning  lead  to  die 
imidementation  of  two  bask  proposed  duuinel  con^uradons  in  die  simulator. 
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Rrst,  the  4S0-ft  width  in  die  Entrance  Channel  was  combined  with  the  SOO-ft 
width  in  Horn  Island  Pass  and  the  230-ft  widdi  in  the  inner  channel  segments. 
Second,  the  S50-ft  wkMi  in  the  Entrance  Channel  was  included  with  the  600-ft 
width  in  Horn  Island  Pass  and  the  300>ft  width  in  the  inner  channels.  The 
350-ft  width  for  the  inner  channel  segments  was  not  actually  tested  but  was 
considefed  die  ‘*default’’.  to  be  recommended  in  the  event  diat  the  narrower 
widths  proved  inadeqmitc  for  safe  and  efficient  navigation.  In  addition  to 
these  tests,  die  propo^  turning  basin  at  the  southern  end  of  the  Biqrou 
Casotte  Inner  Hatbor  required  investigation.  The  proposed  turning  basin  was 
designed  to  provide  a  more  convenient  turning  area  for  die  oil  tankers  leaving 
die  oil  refin^.  As  discussed  earlier,  at  present,  these  tankers  must  turn  in  die 
existing  basin  at  the  landward  end  of  the  Bayou  Casotte  Channel.  Even 
thou^  the  proposed  turning  basm  will  be  located  in  protected  waters,  some 
maneuvering  difficulty  can  be  expected  in  die  evmit  anodier  tanker  is  moored 
at  die  oil  rennety  dock  adjacent  to  die  eastern  side  of  the  basin;  therefore,  the 
simulation  scenario  included  a  tanker  in  diis  position. 

AmlHent  environmental  conditions  varied  between  diffemit  scenarios.  For 
exanqile,  wind  was  included  in  sceruuios  invtdving  LASH  shqis  because  the 
shqis  diemaelves  have  a  large  **sail**  area  and  are  affected  by  wind  radier 
severely,  die  result  of  rriiicb  could  be  critical  to  the  derign  of  channel  widdi. 

In  addition,  during  the  initial  siinnlation  tests  with  the  LASH  ship  an  hour  d 
die  tidal  cycle  was  chosen  which  had  die  maximum  cross^hannel  currents  in 
die  Main  Channel  m  the  Mississipin  Sound.  This  combination  of  cross  wind 
and  current  and  the  very  long  LASH  shq)  constituted  a  critical  set  of 
conditions  for  the  siinulations,  especially  for  die  sound  portion  d  the  chaiuiel. 
Fra  inbound  tuns  widi  tankers  arid  bulk  carriers,  maximum  dib  tide  was  used. 
Fra  the  loaded  outbound  bulk  carrier  runs  firan  die  Pascngoula  River 
maxirmim  flood  tide  was  used.  A  list  of  conditions  fra  each  of  the  sceruuios 
tested  in  the  shnulation  study  is  presrated  later  in  tabular  form. 
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2  Data  Development 


Required  Data 

Data  required  for  die  conduct  of  ^  siinulation  study  included  channel 
geometiy,  bottom  topography,  channel  currems  for  proposed  as  well  as  existing 
conditions,  numerical  models  of  test  ships  and  visual  of  the  physical  scene 
in  the  study  area.  Dredging  survey  she^  provided  by  Mobile  District  were 
used  for  die  existing  channel  alignment  and  die  propored  channel  alignmem 
was  modeled  as  designed.  A  two-dimensioaal  dqMb^veiaged  finite  elemmt 
numerical  current  model  was  gCTwsied  at  WES  unng  the  TABS-2  system.  A 
recormaissanoe  tr^  was  carried  out  for  the  purpose  of  observing  actual 
shaping  operations  in  the  study  area.  Vidro  recordings  and  sdll  photogrqilis 
were  taken  during  the  transits  to  aid  in  the  generadon  of  the  simulaiBd  visual 
scene.  Discussions  widi  pilots  were  also  held  during  this  trqi  so  diat  WES 
engineers  could  become  more  fomiliar  with  concerns  and  pr^lems  experienced 
Auing  operations.  Numericai  models  of  die  test  ships  were  developed  through 
a  contract  with  Tracor  Hydronaudcs.  bic. 


Description  of  Simulator 

It  is  beyond  die  scope  ai  this  iqwrt  to  describe  in  detail  the  WES  ship 
rimulator,  howevo;  a  brief  eiqdaia^  will  be  made.  The  purpose  of  die 
WES  ship  sinailator  is  to  proi^  the  essential  foctors  necessary  in  a  coittrolled 
computer  environment  to  allow  the  inclusion  of  die  man-in-the-loop,  U..  local 
ship  pilots,  in  the  uvigation  diannel  design  process.  The  simulator  is  operated 
real-rime  by  a  jrilot  at  a  slup's  wheel  placed  in  front  of  a  screen  1900  sriiidi  a 
ctmqwter  generated  visual  scene  is  projected.  The  visual  scene  is  updated  as 
the  hydrodynamic  portion  of  the  surnlator  program  computes  a  new  ship's 
position  and  heading  resulting  from  manual  iiqiut  fitmi  the  {ulot  (rudder  and 
engine  throttle  commands)  and  external  forces.  The  external  force  cqidbility 
of  the  simulator  includes  effects  of  wind,  waves,  currents,  baidcs,  shallow 
water,  passing  ships  and  tug  boats,  b  addition  to  die  visual  scene,  pilots  are 
provuM  with  simulated  radar  and  navigmkxi  information  which  includes  water 
depdi,  reladve  ground  and  water  tpetd  of  die  vessel,  magnitude  cS  lateral 
vessel  motions,  relative  wind  qieed  and  direction,  and  ship’s  heading. 


Validation  and  Data  Description 

One  of  the  most  important  milestones  in  the  sinmlation  process  is  the 
validation  exercise.  Di^g  this  exercise  pilots  from  the  stiKiy  area  come  to 
WES  to  conduct  simulator  tests  in  existing  conditions.  The  purpose  of  the 
tests  is  to  use  local  pilot  expertise  to  ensure  that  the  simulation  is  as  realistic 
as  possiUe.  While  conducting  these  tests  the  pilots  pay  close  attention  to  ship 
handling,  extonal  force  effects  and  visual  scene  objects  and  make  comments 
and  rectHiunendations  for  in^vovement  Validation  tests  usually  result  in  some 
modifications  to  the  data  bas^.  The  five  input  data  bases  required  to  conduct 
a  simulation  study  for  a  particular  channel  are  listed  below  and  discussed  as 
related  to  the  Pascagoula  study. 


Test  file 

The  test  file  contains  initial  conditions  (ship  speed  and  heading,  rodder 
angle  and  engine  setting)  fw  the  simulation  and  geographical  coordinates  for 
the  channel  alignment  The  channel  is  defined  in  terms  of  cross  sections 
located  to  coincide  with  changes  in  channel  alignment  and  current  direction 
and  magnitude.  The  infoimation  used  for  die  development  of  the  Pascagoula 
channel  data  base  was  obtained  from  USAED,  Mobile’s  project  drawings.  On 
diese  drawings  die  alignments  for  the  existing  and  propo^  channels  woe 
overlaid  upon  soundings  of  hydrogrqihic  survey  data.  The  Mississippi  state 
plane  coordinate  grid  was  also  plotted  on  these  drawings  and  was  os^  for 
simulate  data  base  definition.  Also  included  in  the  test  file  is  the  steqmess 
and  height  of  the  banks  adjacent  to  the  channel.  This  data  is  used  1^  die 
conqiuter  to  calculate  bank  suction  forces  on  tlw  test  vessels.  Specifications  of 
other  external  forces  such  as  wind  and  waves  are  also  included  in  diis  file. 
Also,  the  derinition  of  the  autqnlot  track-line  and  conunands  which  enable  the 
autopilot  are  included  for  use  in  the  simulatw-’s  fast-time  cqiebility. 

Fot  the  Pascagoula  project  die  simulator  channel  cross  sections  were  placed 
so  as  to  mark  each  bend  of  the  channel  and  delineate  changes  in  channel 
widdi,  e.g.,  where  a  turning  basin  opens  tqi  on  one  side  of  the  channel.  In 
straight  sections  of  the  channel  where  currrots  changed  slowly  the  cross 
sections  were  spaced  fairly  widely.  Goser  spacing  was  used  in  critical  current 
regimis  such  as  in  the  Horn  Island  Pass  and  in  the  entrance  into  the  Pascagoula 
River.  The  WES  simulator  model  does  not  allow  branching  channels; 
therefore,  a  separate  data  base  had  to  be  coistructed  for  both  the  Pascagoula 
and  Bayou  Casotte  Channels.  See  Figure  2  for  comparisons  of  die  different 
test  channel  alignments. 

Water  depths  for  the  simulator  were  based  on  authorized  project  depths. 

Fot  the  simulated  existing  channel,  die  water  depdi  represent^  the 
iq^noximate  existing  condition  taken  from  die  most  recent  dredging  survey 
furnished  by  the  district  In  the  proposed  conditions  a  4-ft  deepening  was 
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api^ied  to  the  channel  depdi  resulting  in  a  42-ft  dq)th  in  the  inner  channels 
and  a  44-ft  depth  in  the  Entrance  Channel.  Existing  depths  were  maintained  in 
the  proposed  channels  when  they  were  deeper  than  the  proposed  dq)ths. 

In  many  channels,  especially  narrow  ones  such  as  the  Pascagoula  channels, 
h«nk  suction  becomes  a  critical  factor  during  ship  navigation.  As  a  brief 
explanatkm,  bank  suction  occurs  when  a  vessel  travels  close  to  a  bank  (also,  a 
wall  or  a  moored  ship)  causing  die  vessel  to  be  simultaneously  subjected  to  a 
translational  force  directed  toward  the  bank  and  a  rotatkxiai  force  turning  die 
bow  away  from  the  bank.  This  occurs  because  of  decreased  flow  area  between 
the  ship  and  die  bank  resulting  in  increased  water  velocity  and  decreased  hull 
pressure  along  the  side  of  the  ship  closest  to  the  bank.  As  an  exanqile  of  this 
phenomraon,  during  the  reconnaissance  trip  to  the  study  area  one  of  the  inlots 
remariced  that  steering  difficulty  occurs  because  of  bank  siretion  when  steering 
a  loaded  outbound  bulk  carrier  through  the  intersection  of  the  two  main 
channel  brandies.  This  is  most  likefy  a  result  of  the  nonsyiiunetry  of  high 
submerged  bardts  on  the  western  side  (tf  die  channel  and  a  wide  opening  to  the 
Bayou  Casotte  Channel  on  the  eastern  side.  The  WES  simulator  uses  an 
eirqntkal  iqiproach  in  cakulating  bank  forces  based  on  vessel  draft  to  water 
depdi  ratio,  vessd  apeed,  distance  of  vessel  from  both  banks,  bank  slope  and 
depdi  water  at  the  top  of  the  bank.  Input  in  die  test  file  includes  die  last 
two  parameters.  For  the  Pascagoula  dtarmels  diese  data  were  obtained  from 
the  dredging  surv^  sheets. 

Input  in  die  test  file  also  includes  inqxMed  wind  conditimis.  For  the 
Pascagoula  Harbor  umuladon,  wind  was  used  only  for  those  tests  conducted 
with  the  LASH  ship  because  wind  has  a  negligible  effect  on  loaded  tankers 
and  bulk  carriers.  The  magnitude  and  direction  of  the  wind  was  decided  upon 
doting  discussions  with  die  validatkm  pilot  concerning  critical  conditions. 

Since  the  wind  force  calculation  in  the  simulator  was  not  calibrated,  it  was 
decided  that  die  wind  magnitode  should  be  lowered  until  the  pilot  felt  it  was 
realistic.  This  procedure  resulted  in  an  easterly  wind  at  15  kriots. 


Scene  file 

The  scene  data  base  is  conqirised  of  several  data  files  containing 
geom^rical  information  which  enables  die  grqihics  coirqniter  to  generate  die 
simulated  scene  of  the  study  area.  The  computer  hardware  and  software  used 
for  visual  scene  gmmadon  is  separate  from  the  irwin  conqmter  of  the  ship 
simulator.  The  main  coriqiuter  provides  motion  and  mentation  information  to 
a  stand-altme  gnqdiics  corrqiuter  for  correct  vessel  positioning  in  the  scene 
which  is  then  viewed  by  the  pilot  Operators  view  the  scene  as  if  diey  are 
standing  on  the  bridge  of  a  ship  looking  out  the  window  with  die  ship’s  bow 
in  the  foreground.  View  direction  can  be  chaii{^  during  siiiiulation  for  the 
purpose  of  loddng  at  objects  outside  oi  the  relatively  narrow  strain-ahead 
view. 
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Aerial  photographs,  navigadtm  charts  and  dredging  survey  charts  provided 
the  basic  data  for  generation  of  the  visual  scene.  The  simulation  testing 
required  low  visual  resolution  beyond  the  immediate  vicinity  of  the  navigation 
charmel.  All  land  masses  in  the  vicinity  of  the  navigation  channel  were 
included  in  the  scene,  comprised  of  the  mainland,  emergent  islands  in  the 
sound  and  the  barrier  islands  of  Pbtit  Bois  and  Hcrni.  All  aids  to  navigatitm  in 
the  vicinity  of  the  study  area  were  included.  Man-made  features  in  the  iiuier 
hartxMTS  which  were  in  the  visual  scene  included  docks,  buildings  and  moored 
petroleum  drilling  rigs.  Docked  ships  were  included  in  the  scene  at  the  Ingalls 
Shipbuilding,  Inc.  installation  in  die  Pascagoula  River  and  at  the  Chevron  oil 
refinery  in  the  Bayou  Casotte  Harbor. 

In  addititm  to  the  num-made  and  ttqxigraphical  features  in  the  study  area, 
the  visual  scene  includes  a  perqiective  view  of  die  bow  of  the  ship  from  the 
pilots  viewpdnt  Bows  for  both  the  design  bulk  carriers  and  design  tanker 
were  already  available  at  WES  for  inclusion  in  die  amulation.  However,  a 
visual  refnesentation  of  the  LASH  ship  had  to  be  generated  for  the  project 
Because  the  pilot  house  is  positioned  at  the  front  of  a  LASH  ship,  very  litde 
could  be  seen  of  die  bow  in  the  forward  view  of  the  simulator  projection. 


Radar  file 

The  radar  fde  contains  coofdinates  defining  die  border  between  land  and 
water  and  significant  num-made  objects,  such  as,  docked  ships  and  aids  to 
navigation.  These  data  ate  used  by  another  grqdiics  conqiuter  whidi  onuiects 
the  coordinates  with  straight  lines  and  displiqrs  them  on  a  termirud.  The 
objects  viewed  comprise  visual  information  whidi  airailates  shipboard  radar. 
The  main  informatioa  source  for  this  data  base  was  the  project  drawings  and 
dredging  survey  sheets  supplied  by  the  district 


Ship  files 

The  ship  files  contain  characteristics  and  hydrodynanuc  coefficients  for  the 
test  vessels.  These  data  ate  the  congaiter’s  definitimi  of  die  ship.  These 
coefficients  govern  the  reaction  of  the  ship  to  external  forces  and  internal 
controls,  such  as  wind,  current  waves,  bmiks,  undetkeel  clearance,  rodder  and 
propeller  tpm.  The  numerical  ship  models  for  the  Pascagoula  simulations  were 
developed  by  Tracor  Hydronautics,  Inc.  of  LauieL  Maryland.  New  models 
were  develqied  for  the  LASH  ship  and  the  Schilling  tanker  and  existing 
models  were  modified  for  the  two  bulk  carriers.  Numerical  models  for  the 
LASH  ship  (Stonewall  Jackson)  and  bulk  carriers  (El  Gaucho  and  Delaware) 
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are  presented  in  Ankudinov  1988'  and  Ankudinov  1989*  inesenu  the 
development  of  the  model  for  the  Schilling  tanker  (R.  Hal  Dean).  Fcv  the 
present  study  the  test  ships  were  chosen  based  on  discussions  with  District 
personnel.  WES  pmonnel  and  Pascagoula  pilots.  For  quick  reference.  Table  1 
lists  die  important  charactoistics  of  dieae  ships.  Figure  3  depicts 
rqneaentadve  profiles  ci  the  five  ship  types  used  during  die  sinnilation  study. 


Currant  file 

The  corrent  file  contains  current  magnitude  and  daecdon  and  water  depth 
for  each  of  eight  points  across  each  of  die  cross  sections  defining  the  chaiwl 
alignment.  Current  data  for  a  ship  sinmlatioo  study  is  usually  obtained  from 
one  two  sources:  fdiysical  or  numerical  models.  Fiscal  cmistraints  and/or 
availability  usually  dictate  r^iidi  of  die  two  sources  is  used  for  a  particular 
simulation  project  Numerical  modeling  of  currents  is  preferred  over  jdiysical 
modeling  becanse  higher  resolution  is  obtainable.  For  the  Pascagoula 
simulation  study  a  finite  efement  model  was  developed  in  die  Estuaries 
Division  at  the  Hydraulics  Laboratory  using  the  TABS-2  modeling  system.  A 
spring  tidal  range  of  qiproximately  2  J  ft  and  a  20  knot  easteriy  wind  were 
u^  as  test  condhions  for  die  current  model.  In  addition,  a  freshwater  in-flow 
ftom  the  Pascagoula  River  was  included.  Boundary  conditions  for  the  TABS-2 
model  were  gmierated  ftrmi  a  low  resolutim  finite  difference  model  of  the 
Missisripiu  Sound.  This  model  had  been  used  in  a  previous  circulation  study 
of  die  M^issippi  Sound  and  was  modified  and  rerun  with  the  aforementimi^ 
boundary  conditions  by  Dr.  Dtniald  Raney  at  the  University  of  Alabama. 


'  AakadiMw,  V.  (19SS).  TtyJnnly— inir  and  aaaiegMttal  wodeh  far  ihip  iwwwriiis  limultlioai  of 
tASir  hMge  CMifcr  nd  two  taOc  cnlen  iii  nppon  of  die  tacafoali  Hartw  ondy.**  TR  870050823-1. 
Tneor  Hydwsici.  lac..  LaaRL  MaiylaBd. 

^  ___________  (1989).  “HydrodyaaBdc  aad  wediemacicil  aiodete  for  ihip  naneaveiteg  tinadadoat  of 

ytmd  equipped  wWi  the  ScMNag  ladder  ia  lappcit  of  the  PBeeagooia  fiariior  ndy.”  TR 
870050923-1,  TaHor  Hydaiaaarict.  iac.,  Laanl,  Maryiaad. 
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In  the  cunent  model  developmNit  process,  assurance  was  made  dial  the 
boundary  of  the  TABS-2  fiiiite  element  grid  aligned  with  existing  grid  lines  of 
the  Mississif^i  Sound  finite-difference  model.  For  numerical  model 
verification,  a  field  surv^  crew  from  WES  traveled  to  the  Pascagoula  area  on 
1  &  2  June,  1988  to  obtain  prototype  current  data  during  a  period  of  simng 
tide.  Using  the  data  measured  du^g  die  field  exercise,  model  verificadon  was 
done  for  existing  channel  conditions.  With  the  verified  model,  production  runs 
were  made  for  the  three  chaiuiel  alignments  listed  earlier  in  the  section  for 
simulator  test  conditions.  From  diese  induction  runs  three  current  conditions 
were  extracted  to  be  tested  in  diffemit  scenarios  in  the  pilot  testing  program. 
These  three  omditions  were  flood  tide  at  maximum  current  speed,  ebb  tide  at 
maximum  current  speed  and  a  mid-tide  condition  at  the  time  when  channel 
cross  currents  in  the  Lower  Pascagoula  Channel  were  nuucimum.  It  should  be 
noted  that  because  current  data  were  extracted  fium  the  hydrodynamic  model 
in  sniq^hots  at  particular  tidal  phases,  peak  currents  do  not  necessarily 
coinci^  in  different  areas  of  the  channel  in  die  simulator  cunent  data  bases. 
The  depth-averaged  current  speed  f<»’  the  maximum  cross  cunent  conditirai 
was  generally  less  than  OJ  knot  and  for  the  ebb  and  flood  conditions  the 
greatest  current  speed  was  approximately  1.25  knots  in  the  Horn  Island  Pass 
area.  Figures  4-9  show  die  current  vectras  for  some  of  the  most  critical  areas. 
The  entire  duumel  cannot  be  shown  because  of  space  limitations;  however,  in 
the  strai^t  segments  during  the  maxinnmi  ebb  a^  flood  conditions  the 
currents  are  generally  aligned  with  the  channel.  In  the  same  areas  the  current 
direction  during  die  maximum  cross  current  cmcntirai  was  almost 
perpendicular  to  the  Lower  Pascagoula  and  Bayou  Casotte  Channels. 

Table  2  below  sumnuuizes  die  test  scenarios  conducted  during  the  initial 
simulations.  Table  3  lists  the  scenarios  tested  during  die  entrance  area 
simulatimis  conducted  subsequmit  to  those  in  Table  2. 


VECTOR  SCALE: 
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Figure  5.  Maximum  ebb  cunfent,  Horn  Island  Pass 
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Figure  6.  Maximum  fiood  current.  Horn  Island  Pass 


CtMBlwa  DaMi DavalopiMni 


Figure?.  Maxirmjm  cross  current,  channei  intereedion 
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FigiireS.  Maxinuim  ebb  current,  charmel  intersection 
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Tabl«3 

TmI  SoMMrtcM  for  P—cogouio  Entfoiieo  Ai— Simuiotiono 
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TlHMof  Day 
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Cutfaal 

1 

0i» 

LASHaNp 
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34 11  draft 

MSN 

2 

Eidiing 

Day 

Tankar 

MOM 

oCraBlQ 

MndnH 

3 

Day 

LASHaNp 

4aK0WT 

3611  draft 

480030 

N0hi 

4 

Day 

Tankar 

ScMNo 

4011  draft 

MSN 

Enkanoa 

Maidmum 

5 

Day 

ohMiil 

LASHaNp 

46KOWr 

36 11  draft 

abb 

860000 

MSN 

6 

Day 

Tankar 

ScMfeig 

40  It  draft 

MON 

7 

Day 

LASHaNp 

46KDWT 

3611  draft 

MSN 

ruaam. 

Day 

Tartar 

1 _ 

MSN 

4011  draft 
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3  Test  Results 


Organization  of  Diacusaion 

As  discussed  in  the  introduction,  the  Pnscagoula  simulation  study  consisted 
oi  two  aeries  of  fnlot  tests:  die  initud  tests  and  the  entrance  area  tests.  The 
entmce  area  tests  actually  resulted  in  a  modificatioo  of  the  reconunendatkms 
presented  in  the  preluninaiy  heoa  report  concerning  the  initial  simuhttion  tests. 
The  results  for  both  test  aeries  are  presented  in  this  rq>ort  with  a 
summarization  of  the  composite  recommendations  in  the  last  section. 


Initiai  Pascagouia  Simuiations 

After  die  first  pilot  visited  WES  for  die  purpose  of  validadon.  five  more 
professional  frilots  from  Pascagoula  visited  WES  for  simulator  testing  of  die 
scenarios  shown  in  Thble  1.  Because  of  the  length  of  the  runs  involved 
generally  only  one  ran  per  frilot  per  scenario  was  obtained.  The  exception  was 
scenario  #13,  die  turning  basin  test,  for  which  two  runs  were  compteted  by 
most  of  die  pilots.  During  die  course  Of  die  test  program  it  became  necessary 
to  make  two  modifications  to  the  data  bases.  The  initial  chamiel  setup 
included  submnged  banks  with  a  constant  slope  angle  for  the  proposed 
channels.  The  slope  angle  used  was  given  by  die  district  as  part  ^  their 
construction  qwcifications;  and,  therefore,  represented  an  ideid  diannel 
geometry.  Him  was  some  tn^cation  during  testing  widi  the  first  pilot  that 
the  modeled  constam  bank  slope  angle  was  causing  the  bank  suction  and  shear 
to  be  too  predictable  and  unrealistic.  Before  the  second  {rilot  came  die  bank 
armies  in  die  proposed  charmels  were  changed  to  the  same  values  as  in  the 
existing  channel  dmel^  creating  a  more  realistic  model.  The  remainder  of  die 
(tilots  were  tested  in  diis  modified  duuuiel  geometry.  The  second  modification 
involving  die  submerged  pipeline  which  crosses  the  Bqrou  Casotte  Charuiel 
has  already  been  discussed  earlier.  After  the  first  three  pilots  conq;ileted  their 
testing,  the  results  of  the  pipeline  elevation  survey  was  received  arid  die 
proposed  alignment  of  the  ^you  Casotte  Channel  was  changed  in  the 
simulator  to  include  a  constriction  around  die  pipeline  on  the  western  side  of 
the  channel  only.  This  was  designed  to  test  die  effect  of  an  asytiundric 
constriction  on  navigation  in  the  event  thu  the  pipeline  proved  too  cosdy  to  be 
relocated.  Subsequent  to  pilot  testing  it  was  dmrmined  that  the  tracklines  of 


the  pilots  befoie  aid  afker  these  modificatioiis  were  simila  oiough  to  comlwie 
the  results  on  die  sane  (dot.  Therefore,  the  figures  to  be  discussed  below 
show  the  results  oi  all  five  pilots. 


Trackline  and  Control  Measures  Analysis 

PropoMd  Bayou  Caaotia  turning  baain 

Figure  5  shows  the  results  from  die  simulator  testing  in  die  proposed 
turning  basin  in  the  Bayou  Casotte  Harbor  (scenario  #13  on  Tal^  2).  The 
composite  consists  of  eight  individual  runs  with  three  of  die  pilots  coidributuig 
two  runs  each  and  the  other  two  pilots  contributing  only  one  eadi.  The 
proposed  turning  basin  will  be  located  in  a  sheltered  area  and  die  siimilation 
test  was  conducted  under  calm  and  sladc  conditions.  The  test  was  designed  to 
sumlate  one  of  the  most  difficult  of  die  possible  future  turning  operations  with 
die  test  shqi  leaving  die  dock  a  die  most  northern  of  two  adjacent  berthing 
areas  and  backing  into  die  basin  while  avmding  another  taidcer  moored  tt  the 
other  dodc.  The  proposed  turning  basin  was  delineated  in  the  simulator  visual 
scene  and  radar  fay  four  markers  located  on  die  periplieiy.  During  the 
simulation  tests  the  general  practice  oi  die  [ulots  was  to  start  the  maneuver 
with  two  3500  lq>  tugs  on  die  port  side  puffing  die  ship  westward.  Once  die 
dock  had  been  cleared  the  pilots  reversed  the  sh^'s  engine  and  badced  into  the 
basin  using  the  tugs  to  control  rotation.  When  within  the  basin  one  of  the 
port-side  tugs  was  usually  shifted  to  the  starboard  side  to  conqdete  the  turn. 

On  a  few  tuns  the  turn  was  acconqilidied  using  only  one  tug  for  the 
cmnplaion  of  die  turn.  After  the  turn  the  pilots  then  entered  the  charmel  as 
di^  would  for  an  outbound  transit  It  is  evident  from  die  figure  dot  for  two 
of  die  tuns  die  vessels  came  feitly  close  to  die  moored  sbqi.  One  of  diese 
actually  compieled  die  turn  too  close  to  die  dodced  shqi,  in  the  other  one  the 
stem  of  die  tanker  swung  forty  close  to  die  odier  ship  as  die  pilot  proceeded 
outbound.  This  is  consideied  a  result  oi  the  location  oi  the  turning  basin  in 
relation  to  the  bend  a  the  entrance  to  the  Bi^ou  Casotte  Harbor.  This 
configuration  forced  the  pilots  to  steer  die  vessel  in  an  S-tum  in  order  to 
teema  the  diannel  fiom  a  position  inode  die  turning  basin,  dierdiy  causing 
the  Stan  to  swing  out  and  qiproacfa  the  mooed  tanka.  The  reconunended 
alleviation  oi  diis  proUem  is  to  enlarge  the  basin  1^  modifying  die  southern 
boundary  to  be  located  along  a  line  between  turning  basin  maika  #2  (see 
Hgure  10)  and  the  existing  channel  marka  just  to  die  south  of  turning  basin 
rnarka  #1.  This  change  would  eliminate  the  need  for  the  S-tum  into  the 
channel  and  would  position  the  turning  vessel  fartha  away  from  an  adjacent 
docked  ship. 
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LASH  ship  runs 


Hgures  1 1-13  show  the  composite  jHlot  tncklines  for  die  inbound  nins 
with  the  LASH  shqi-  On  Figure  1 1.  the  existing  channel  nins  (scenario  #4. 
TaUe  2),  the  plot  fw  the  first  reach  shows  that  all  the  pilots  kept  to  die 
western  edge  of  the  channel  in  order  to  avt^  an  existent  shoal  area  along  the 
eastern  side.  Through  the  second  reach  adjacent  to  Petit  Bois  Island  the  pilots 
performed  an  s-tum  which  is  normal  practice  in  this  area  widi  the  objective  of 
taking  advantage  of  deep  water  b^ond  the  western  channel  edge.  Through  die 
diird  and  fourth  reaches  in  die  Lower  Pascagoula  Channel  the  tracklines  favor 
the  western  side  of  the  channel  due  to  the  cross  currents  and  east^y  wind. 
Toward  the  end  of  die  fourth  reach  the  tracklines  become  more  distributed 
across  die  channel.  This  is  a  result  of  die  slowing  process  in  preparation  for 
entry  into  the  Bayou  Casotie  Channel  during  which  time  a  certain  amount  of 
control  is  lost  by  the  pilot  due  to  Iowa*  prc^Uer  rotation  rates.  Goieially,  in 
this  process  the  pilots  are  trying  to  slow  down  to  a  qieed  of  S  to  6  knots  from 
a  of  8  to  10  knots.  Ihe  slowing  down  is  necessary  for  two  reasons:  (a) 
the  Bayou  Casotte  Channel  is  narrower  and  the  adjacent  water  depths  are 
shallower  causing  (when  the  qieed  is  too  hi^)  significant  bank  suction  and 
shear  and  (b)  many  small  plemure  oaft  anchor  on  the  adjacent  flats  for  fishing 
and  odier  recreation  and  cannot  widistand  large  shqi-wake  waves.  On  the  fifth 
reach  the  entry  into  Bayou  Casotte  invariably  caused  the  ships  to  slide  out  of 
die  channel  on  die  western  side.  This  is  an  indication  that  LASH  ships  do  not 
have  adequate  control  in  diis  area  and  that  additional  room  is  needed  for  this 
particular  maneuver.  The  remaining  portimi  of  the  channel  is  a  rather  difficult 
transit  for  the  LASH  ship  as  can  be  seen  on  the  drawings  of  die  fifth  and  sixdi 
reaches.  The  shqis  are  traveling  at  a  low  rate  of  speed  and.  therefrire,  control 
is  reduced  significandy.  It  should  be  noted  that  nmmal  practice  is  to  use  tugs 
in  this  portion  of  the  channel  to  help  slow  die  ship;  howevo^.  tugs  were  not 
used  in  the  simulation  tests  because  die  objective  was  to  detomine  what 
specific  effect  channel  wktdi  has  on  ship  maneuverability  in  die  area. 

Illusion  of  tugs  would  have  confounded  die  results. 

Figure  12  shows  the  inbound  LASH  sbq>  runs  for  die  proposed  45(V250 
channel  (scenario  #S,  Table  2).  In  this  proposed  condition  the  Eittianoe 
Channel  had  a  n^ddi  of  450  ^  the  Horn  Island  Pass  Channel  was  500  ft  wide 
and  the  inner  channels  all  had  a  wkUi  of  250  ft  Although  in  this  prc^msed 
configuration  the  shoal  along  the  eastern  side  of  die  channel  in  die  first  reach 
no  longer  existed,  the  pilots  still  had  a  tendency  to  stick  to  the  western  charmel 
edge  out  of  habit  In  place  of  the  shoal  area  was  a  sediment  inqioondnient 
basin.  Another  inqioiuidmrat  basin  is  jm^msed  along  the  eastom  side  of  the 
channel  through  the  area  shown  on  the  seomd  reach.  In  die  first  two  readies 
the  pilots  stayed  within  die  channel  alignment;  although,  the  s-tum  near  die 
sec(^  bend  performed  during  the  existing  channel  runs  was  again  performed 
by  many  cf  tte  pilots.  Good  clearances  and  adequate  ship  cmtrol,  to  the  end 
of  the  second  bend,  are  characteristic  cS  die  first  two  reaches  on  Hgure  12. 
However,  the  constriction  to  250  ft  when  entering  the  Lower  Pascagoula 
Channel  produced  some  almost  uncontrolldile  ship  behavior. 
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Figure  12.  Inbound  composite  pilot  tracklines  450/250  channel,  LASH  ship  (894x1 00x36),  maximum  cross  current 
15  knot  easterly  wind 


The  ship  was  usually  traveling  at  a  high  rate  ci  speed  around  the  last  bend 
before  airiving  at  the  constriction.  The  tracklines  indicate  that  the  ships  made 
a  series  of  bank  shears  from  side  to  side  before  the  pilots  were  able  to  get 
them  under  control.  Later,  further  evidence  will  be  presented  showing  other 
indicatkms  of  diese  difficulties.  Through  the  remaining  portion  of  the  Lower 
Pascagoula  Qiaiuiel  the  pilots  said  nnich  attention  had  to  be  paid  to  keeping 
the  LASH  drip  under  control.  In  addition,  it  is  evklent  that  clearances  to  die 
channel  edge  are  clearly  inadequate.  Pilot  performance  at  the  entrance  into 
Bayou  Casotte  (the  fifth  reach)  still  exhibits  a  tendency  to  ran  out  of  the 
channel  on  the  western  side.  Also,  in  die  fifth  reach  te  ctmqwsite  trackline  in 
the  vicinity  of  the  pipeline  crossing  indicates  many  channel  e^  excursions; 
however,  this  is  not  an  accurate  assessment  because  only  die  last  two  inlots 
were  tested  with  a  atyirunetric  constriction  to  225  ft  im^emerded  in 
simulator.  These  last  two  pilots  indicated  diat  diey  did  not  consider  this 
constrictitm  likely  to  cause  diem  problems.  The  i^vidual  tracklines  of  diese 
pilots  in  diis  area  also  suiqiott  this  contention.  The  pipeline  crossing  is  at  a 
point  in  die  chaimel  idiere  die  ships  have  finally  been  slowed  down;  therefore, 
not  as  much  channel  width  is  required.  In  conqiarison,  if  the  (npeliiie  crossing 
were  fardier  soudi  closer  to  die  duamel  junction,  it  would  not  be  advisable  to 
constrict  the  channel  to  such  a  width.  Ship  control  and  clearances  in  die 
remaining  parts  of  the  Bstyou  Casotte  channel  for  diis  sM  of  cmiditions  show 
no  or  slight  inqnovement  in  conqnrison  with  the  existing  dunmel  runs. 

Rgure  13  shows  die  results  for  die  LASH  ship  inbound  runs  in  the 
5S(V3(X)  proposed  charmel  (scouuio  46,  Table  2).  In  this  scenario  die  Entrance 
Channel  was  550  ft  snde,  the  Horn  Island  Pass  Channel  was  600  ft  wide  and 
the  irmer  channels  had  a  widdi  of  3(X)  ft  C^eariy,  duough  die  first  two 
reaches  clearances  have  inqnoved  gieady  in  cranparison  to  the  preceding  two 
channels.  The  {nlots  perfom  die  same  s-turn  off  die  end  of  Petit  Bois  Island 
but  stay  well  within  the  charmel  limits.  However,  siinilar  to  the  effect  in  the 
450/250  channeL  the  sharp  constrictkm  to  300  ft  at  die  entrance  to  the  Lower 
Pascagoula  Charmel  caused  die  pilots  great  probleins  with  ship  comrol.  In  die 
diird  reach  the  clearances  are  improved  over  dutt  fOT  die  450/250  charmel; 
however,  die  tracklines  indicate  problems  with  bank  shear  over  the  first  few 
thousand  Ckmtrol  and  clearances  seem  to  be  good  in  the  fourdi  reach 
with  all  die  pilots’  tracklines  falling  right  on  top  of  each  odier.  The  traddine 
\^iich  runs  out  of  die  channel  at  die  inland  end  of  the  fourdi  reach  was  a  result 
a  computer  failure  and  that  portion  of  die  ran  can  be  disregarded.  At  the 
entrance  to  the  Bayou  Casotte  Charmel  die  tracklines  indicate  same  tendency 
as  before  in  which  the  ships  drift  b^cmd  the  western  charmel  edge.  Through 
the  balance  of  the  Bityou  Casdte  Channel  the  clearances  clearly  ate  improved 
widi  die  tracklines  within  die  channel  line.  The  constriction  to  250  ft  at  the 
pipeline  crossing  again  was  tested  only  for  the  last  two  pilots  who  lepmted  no 
difficulty. 

Rgure  14  shows  a  sampling  of  results  of  some  of  the  most  significant 
recmded  control  measures.  The  two  measures  shown  are  the  mean  nunimum 
port  channel  edge  clearance  and  the  maneuvering  factor.  The  maneuvering 
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factor  is  obtained  by  multiplying  the  rudder  angle  with  the  propeller  rotation 
rate  (in  revolutions  per  minute)  at  each  time  step  during  the  siimilaticm.  This 
gives  a  con^Muative  measure  of  the  amount  of  ship  power  being  used  for 
maneuvering  during  the  transit.  The  statistics  shown  on  Figure  8  are  the  mean 
value  from  all  five  (or  more  if  lyiplicable)  pilot  runs  averaged  over  each 
l(XX)-ft  channel  section.  These  sectimis  start  at  the  beginning  of  die  channel 
derinition  implemented  in  the  sitiuilator.  Changes  in  channel  direction,  such  as 
at  the  intersection  of  the  Pascagoula  and  Bayou  Casotte  Harbors,  are  located 
on  the  plots  according  to  the  secdcm  number. 

On  Figure  14,  the  results  for  the  mean  minimum  port  channel  edge 
clearance  are  shown  for  the  inbound  LASH  ship  runs  in  all  three  tested 
channels.  The  two  sharp  dips  seen  on  the  plot  tocdc  place,  respectively,  at  the 
channel  width  constriction  at  the  entrance  to  the  Lower  Pascagoula  Channel 
and  at  the  main  channel  bifurcation  in  the  Mississippi  Sound.  In  the  existing 
channel  throughout  the  Lower  Pascagcmla  Channel  the  clearance  fluctuated 
between  25  and  75  feet  In  the  Bayou  Casotte  Channel  the  port  cleatance 
remained  negative  (outside  die  cha^l  et^)  fw  the  entire  reach.  In  the 
45(y250  channel  the  minimum  port  cleatance  in  die  Lower  Pascagoula  Charmel 
avoaged  iqi(»oxiinately  25  ft  while  in  the  Bayou  Casotte  a  slight  improvement 
can  be  seen  in  corr^nrison  to  the  existing  225-ft  wide  channel.  In  die  55(y3(X) 
channel  die  minimum  port  clearance  in  die  Lower  Pascagoula  Charmel  dmws 
inqnovement  over  die  450/250  channel  averaging  between  50  and  75  ft  while 
the  clearance  in  the  Bayou  Casotte  Charmel  fluctuated  around  50  ft  Because 
it  is  normal  practice  for  tugs  to  be  in  use  in  the  Bayou  Clasotte  CharmeU  50  ft 
cteaiance  is  probably  adequate.  In  the  Lower  Pascagoula  ChanneL  however, 

50  to  75  ft  is  a  marginal  cleatance  value  whra  considering  die  range  of 
conditions  possible  in  die  area.  It  should  also  be  noted  that  n^ative  minirmim 
clearances  were  recorded  at  die  entrance  to  the  Bayou  C^asotte  for  all  three 
channels  indicating  a  need  for  additional  maneuvering  room. 

Rgure  14  also  shows  the  mean  maneuvaring  fscttn’  deleted  in  the  same 
fashion  as  the  clearances.  The  extreme  dip  and  peak  for  all  three  channel 
conrigurations  luqipens  near  the  second  be^  at  the  end  of  the  Horn  Island 
Pass  C2iannel.  Tte  maneuver  around  this  bend  was  evidoidy  mote  difRcult  in 
the  proposed  channels  than  in  the  350-ft  wide  existing  channel  as  shown  by 
the  somewhat  higher  mean  value  of  the  maneuvering  factor.  One  of  the  most 
notice^le  results  obtained  is  the  fluctuations  in  the  maneuvering  factor  after 
the  ships  enter  the  Lower  Pascagoula  Channel  which  is  constricted  in  the 
propos^  channels.  These  fluctuatimis  seem  to  damp  out  faster  in  the  existing 
charmel  than  in  the  proposed  channels.  Tlw  cause  of  these  fluctuations  is  the 
rudder  swinging  back  forth  while  the  pilot  tries  to  control  strong  bank 
shear  resulting  from  the  high  speed  at  whidi  the  ships  are  traveling  when 
making  the  entrance.  Several  thousands  of  feet  are  required  beftme  good 
control  is  again  obtained.  This  point  is  located  in  the  area  where  the 
maneuvering  factor  settles  down  to  a  relatively  steady  value  throughout  the 
remaining  portion  of  the  Lower  Pascagoula  Channel. 
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In  diis  r^kn  the  4S(y2S0  chumel  shows  a  fisiriy  high  level  oi  positive 
maneuvering  ftctor  (positive  rodder  angle  rotates  the  sh^  coumer-clodcwise) 
while  the  existing  channel  and  the  550f3C0  channel  show  a  stmiewhat  lower 
level  of  ship  power.The  next  Mg  jun^)  in  ship  power  activity  is  at  die  entrance 
into  the  Bayou  Caaotte  (Channel  with  a  sidisequent  settling  down  for  the 
remainder  ^  die  run. 


Tanktr  nmt 

Figures  15-17  show  the  conqxisite  tracklines  for  the  inbound  tanker  runs 
conducted  with  maximum  d)b  and  15  knot  easterly  wind.  Based  on  these 
tracklines.  in  general  diis  particular  tanker  seems  to  haiidle  better  than  the 
LASH  shq),  probably  due  to  its  larger  «ze  and  slower  ^reed.  However,  in  the 
450/250  dumnei  (scenario  #2.  Table  2)  in  the  Lower  Pascagoula  (^harmel  the 
traddines  take  up  most  of  the  duuuiel  wkhh  with  a  significant  amount  of 
side-to-side  maneuvering  (as  seen  before  widi  the  LASH  ship).  Also,  it  is 
interesting  to  note  that  die  pilots  ran  out  of  die  western  side  of  the  channel  at 
the  entrance  to  Bayou  Cas^  in  the  existiiig  channel  (scenario  #1,  Table  2) 
but  did  not  in  die  proposed  channels  (scraarios  #2  and  #3,  Table  2). 

Figure  18  shows  plotted  results  of  die  mean  minimum  port  channel  ed|ge 
dearance  for  die  dune  channels.  For  the  existing  duumel  tte  results  are 
generally  n^adve  in  die  Bayou  Casotte  Qiannel  uiieinas  for  die  proposed 
charmels  positive  clearances  are  noted  in  die  same  area.  The  300-ft  widdi  in 
this  area  allows  die  nunimum  port  clearance  to  be  genoally  around  50  ft 


Bulk  carrier  niiw 

Figures  19-24  show  die  con^rosite  traddines  for  the  inbound  and  outixamd 
pilot  runs  conductied  with  a  load^  bulk  carrio’.  These  particular  drips 
foequent  die  Pascagoula  biandi  of  the  study  channel.  OenetaUy,  the  traddines 
show,  and  the  pilots  agreed  during  testing  (see  section  on  julot  ratings),  that 
the  bulk  carrios  in  the  simulation  were  not  difficult  to  haridle,  even  in  the 
narrow  250-ft  wide  channel.  Iliis  is  an  indkdion  that  the  most  critical  set  of 
conditions  was  probably  not  tested  in  this  reach  of  die  dumnei.  One  possiUe 
exidanation  is  tto  the  ships  tested  were  very  heavy,  sluggish  vessels  and, 
consequently,  diip  qieed  was  not  high  enough  to  cause  ugnifkant  bank 
suction.  PossiUy  a  shorter,  faster  ship  widi  a  cofiqiarabie  draft  would  be  a 
more  critical  vessel.  Based  on  diis  reasoning  nd  without  further  infornmtion 
concerning  this  reach  it  would  be  irudvisaUe  to  recommend  channel 
narrowing,  especially  in  consideration  of  die  test  results  from  the  Lowm 
Pascagoula  Channel  discussed  earlier.  In  any  event,  there  is  one  critical  area 
in  the  channel  for  which  die  recorded  simulator  runs  are  definitive.  This  area 
is  die  iidersection  of  the  Pascagoula  mid  Bqrou  Casotte  Channels  vdiete, 
during  the  inbound  runs  shown  on  Figures  19-21,  die  tendency  was  for  the 
vessels  to  drift  beyond  die  channel  edge  on  die  nordiem  side  ^i^iile  negotiating 
die  turn  into  the  Pascagoula  Channel.  These  results  fomn  all  three  tested 
channels  indicate  diat  additional  widening  over  and  above  a  width  of  350  ft  is 
needed  fw  a  short  portion  of  die  channel  on  this  side. 
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Figure  16.  Inbound  composite  pNot  tracMines  4SO/SSO  channel,  tanKer  (810x125x40),  maximum 
ebbing  current,  15  knot  easterly  wind 
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Figure  18.  inbourel  tanker  oontrol  measure  statistics 


ChiplwS  TMtRMuHi 


Roure  19.  Inbound  composite  pilot  tracklines  existing  channel,  bult  carrier  (775x106x36).  maximum  ebbing  current,  rw  wind 
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pHot  tracklines  450/250  channel,  buk  canter  (850x106x40),  maxhmfln  ebbing  cwrent,  no  wind 


Figure  21.  Inbouixl  composite  pilot  trackNnes  550/300  charmei.  bull  carrier  (850x106x40),  maximum  ebbing 
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Figure  22.  OutbourKi  composite  pitot  trecMtoes  existing  channel,  tx^  carrier  (775x106x36),  maxtmum  flooding  current,  no 
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Pilot  Questionnaire  Response  Analysis 

In  (»der  to  document  die  viuting  jnlots*  own  thoughts  concerning  the 
simulation  ^udy  and  the  channel  design  project  in  general,  two  different  types 
of  quesdonnaiies  were  given.  After  eadi  simulation  a  test  questionnaire  was 
hamled  to  the  pilot  for  him  to  rate  the  run  just  conqileted  for  difficult'  and 
realism.  At  dw  end  of  each  visit  a  final  debriefing  quesdonnaiie  was  given  to 
aUow  the  pilot  to  exfuess  his  ideas  and  ofnnions  of  ^  diannel  project  and 
simulator  in  general.  In  Appendix  A.  exanqdes  of  diese  two  questiaonaires  are 
included.  In  the  following  analysis  the  reader  is  cautioned  that  pilot  ratings 
must  be  considered  with  a  reasmiable  amount  of  caution;  however,  diey  can, 
widi  careful  inteipretadon,  be  a  gmoal  conqiarative  measure  of  die  different 
test  scenarios. 

The  primary  problem  with  analyzing  questimmaire  ratings  is  diat  each  pilot 
has  his  own  posonal  idea  of  what  is  ea^  or  difficuh  and  real  or  unreal. 
Consequendy,  the  raw  results  fhun  questionnaire  ratings  on  the  0  to  10  scale 
frequently  possess  a  large  amount  of  scatter  between  pilots.  For  examfrie,  one 
IMlot  may  rate  all  the  questions  omcerned  widi  realism  or  accuracy  versus 
unrealism  or  inaccuracy  in  a  7  to  10  range  v^iile  another  choose  rr  >igs  in 
a  2  to  9  range.  In  a  conqiarative  study  information  is  lost  during  die  process 
of  averaging  these  raw  scores.  Considering  the  inlot  ratings,  x,  as  normal 
random  variables,  they  can  be  normalized  using  the  individual  pilots*  sam|de 
mean  rating,  X,  and  his  sanqile  rating  standard  deviation,  s.  To  accranplish 
diis,  ail  ratings  chosen  by  each  individual  pilot  on  the  scale  of  "very 
unrealistic**  to  "very  realistic**  and  ‘>reiy  inaccurate**  to  "very  accurate,**  were 
algebraically  added  and  analyzed  for  the  sanqile  mean  and  standard  deviation. 
The  same  process  was  carri^  out  for  die  questions  involving  **veiy  easy**  to 
**veiy  diffi^t**  and  **veiy  sinqile**  to  "very  difficult**  New  standardized 
random  variables  were  then  calculated  chaimel  scenario  comparison 
acoxding  to  die  following  normal  randtmi  variable  relation, 

s 

in  which  X  are  the  standardized  ratings  of  a  particular  pilot  with  mean  of  0  and 
standard  deviation  of  1.  The  following  tabulation  presents  the  results  of  this 
analysis  for  the  most  critical  pilot  rating  questions.  For  the  ratings  presented 
above,  the  higher  the  number  the  greater  was  the  perceived  difficulty  and 
accuracy.  The  bulk  carrier  runs  were  rated  die  easiest  and  genoally  the  least 
accurate  as  far  as  ship  behavior  is  concerned.  The  smaller  bulk  carrio'  in  the 
existing  chaimel,  £7  Gaucho,  was  rated  as  significandy  mne  accurate  in 
behavior  than  the  pn^wsed  channel  ship,  Delaware.  The  shqi  behaviw  ratings 
for  scenarios  4,  5  and  6  (LASH  ship  inbound)  indicate  less  accuracy  for  the 
existing  chamiel  dum  for  the  prtqxi^  scenarios. 
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There  is  no  recognizaMe  e]q>lanation  for  Ais  other  than  perhaps  die  inlots  rated 
the  existing  channel  more  critically  for  this  ship  because  of  having  first  hand 
knowledge  of  existing  condhioiis.  Without  exception  die  4S(V250  channel  was 
rated  as  more  difficult  dian  die  existing  channel.  Out  of  the  first  diree 
scenarios  the  55(V300  channel  was  rated  easier  dian  the  existing  diannel 
probably  because  the  B^rou  Casotte  C!hannel  was  significandy  wider  than  in 
the  existing  case.  For  the  remaining  scoiarios  both  proposed  charmels  were 
rated  as  more  difficult  dian  the  existing  channel.  The  turning  basin  scraario 
was  rated  as  fiurly  ea^.  The  ftdlowing  sectitm  deals  widi  die  pilot  ratings  for 
ship  controlMiility  for  each  of  the  channel  sepnents,  separately.  It  is 
suggested  that  the  ship  controllability  can  be  interpreted  in  the  same  way  as 
difficulty.  For  these  numbers,  the  more  positive  the  rating  value  the  greater 
the  difficulty  of  controlling  the  ship.  Ratings  for  this  question  woe  not 
obtained  fw  the  Bayou  Casotte  Tiiming  Basin.  For  die  Entrance  Channel  the 
proposed  wider  channels  were  rated  as  easier  dian  the  existing  without 
exception:  however,  die  5S0  ft  wide  channel  was  rated  as  mme  slighdy  mme 
difficult  than  the  450  ft  channel.  For  the  H<nn  Island  Pass,  no  significant 
difference  was  rated  between  die  channels  for  the  LASH  ships,  but  for  the 
oudiound  bulk  carriers  die  prc^iosed  channels  were  scored  as  much  easier, 
although,  again,  the  widest  channel  (600  ft)  was  rated  more  difficult  dian  the 
next  widest  (S(X)  ft)  charmel. 
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These  unexpected  results  are  paitially  due  to  one  pilot  rating  scenario  #12  veiy 
difficult  for  unexplained  reasons,  if  this  paiticnlar  pilot’s  ratings  are 
disregarded  die  550/300  channel  is  rated  easier  than  the  450/250  for 

that  particular  scenario.  On  the  other  hand,  it  tippem  dnt  on  average  the 
pilots  could  discern  little  tfifforence  between  die  propoeed  channels  daring  die 
LASH  ship  tuns  (scenarios  5  and  6)  tfarough  these  two  channel  reaches.  Theae 
results  tend  to  support  die  findings  in  die  next  section  in  which  the  nanower  of 
die  two  proposed  channels  is  reccmunended.  The  reader  is  reminded  at  this 
point  ab^  the  later  section  on  die  additional  emrance  area  simnlation  testing, 
which  further  discusses  these  same  reaches.  Continuing  die  discussion  wMi 
die  Lower  Pascagoula  Channel,  the  pilots  rated  the  proposed  channels  more 
difTicult  than  the  existing  case  for  the  LASH  ships,  but  less  significam 
differaices  are  seen  in  this  reach  for  the  tanker  and  bulk  cnrier  nms.  For  the 
Upper  Pascagoula  Channel  the  oudxMind  bulk  carrier  runs  were  rated  more 
dif^lt  in  the  imposed  channels  and  for  die  inbound  tuns  little  difference  can 
be  seen  between  tte  channels.  For  die  Bayou  Casotte  Channel  the  LASH  shqi 
runs  war  rated  signiricantly  easier  in  die  proposed  wider  channels,  but  for  the 
tanker  runs  the  pilots  report  no  differroce.  The  ratings  results  trad  to 
sui^iort  die  foud  recommendations  by  suggesting  that  die  narrowest  proposed 
wi^  in  the  entrance  area  is  acceptable  and  the  widest  imposed  wi^  in  the 
interior  channels  is  necessary. 
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Final  Debriefing  Queetionnaire 

In  gmeral,  the  final  opinions  of  the  pilots  suggested  that  die  widest 
possible  width  be  constnicted  for  all  the  channel  segments.  This  is  eqiecially 
true  for  the  Entrance  Channel  and  Horn  Ishmd  Pass  where  most  of  the  pilots’ 
concerns  centered.  All  die  pilot  reqionses  qxike  of  die  need  to  test  worse 
conditions  in  the  entnnoe  area  because  of  s^nd,  waves,  currents  and  difficuh 
handling  ships.  These  leqionaes  were  part  of  the  impetus  for  the  additional 
tests  for  the  entrance  area.  On  another  matter,  the  pilots  seem  to  r^atd  die 
proposed  turning  basin  as  acceptable  with  die  exception  of  one  who  thought  a 
square  basin  would  be  better.  Appendix  A  presents  in  their  entireQ'  die  pilot 
leqionses  to  each  of  the  questitms. 
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4  Recommendations  on  Initial 
Simulation  Tests 


Rgines  2S  and  26  show  the  channel  design  lecommendstions  lesalting 
from  the  initial  simnlarions.  For  brevity,  tiie  strait  channel  reaches  are  not 
shown  on  these  figures.  Nominally,  die  recommendations  are  as  frdlows:  (a) 
450-ft  diannel  width  in  the  Emianoe  and  Horn  Island  Fms  Oiannels.  (b)  35(V>ft 
width  for  the  entire  Fsscagonla  Channel  and  (c)  300-ft  width  in  die  Bayou 
Casotte  Channel  with  a  constriction  to  250  ft  at  the  pqteline  crosang. 
Ftirtiiennore.  additional  widenings  are  recommended  at  die  southern  entrance 
to  die  Lower  PMcagoula  Channel  and  in  two  ^aces  near  the  imenection  of  the 
two  channel  brandies.  The  aHgnmem  on  the  western  side  at  die  soudiem 
entrance  to  the  Lower  Pascagoula  Chamd  is  recommended  for  a  more  gradual 
transition  from  the  relatively  wide  Ifam  Island  Pass  inlo  the  3S0-ft  width  in 
die  Pascagoula  Channel.  This  gradual  tiansitioo  to  the  narrower  widdi  should 
provide  the  idiots  relief  from  an  immediate  increase  in  baidc  ftxoes  iriiile 
slowing  dosm  brought  on  by  a  quidt  cottraction.  Alignment  of  the  piopoaed 
turning  Basin  in  die  Biyou  Casotte  hrebor  is  recommended  as  diown  in 
Rgure  26  and  as  discussed  earlier.  The  1  lS0>ft  wkMi  in  die  turning  basin 
should  be  adequate.  It  is  also  recommended  that  the  bends  leading  into  the 
Pascagoula  and  Bayou  Casotte  Harbors  be  constructed  as  proposed.  The 
recommendation  rrf  a  width  cf  450  ft  in  the  Entrance  and  Horn  Island  Pass 
Channels  was  based  on  testing  a  fturfy  difficuh  set  of  channel  conditions 
(eastnly  wind  and  cross-current);  nevndieless.  adequate  clearance  and 
acceptable  levels  of  control  (rudder  activiqr.  clearaiioes.  etc.)  were  recorded 
during  the  pilot  nms.  However,  the  ftilols  expressed  a  strong  desire  for  the  bar 
charmel  to  be  greater  than  450  ft  due  to  strong  and  raqaedictaUe  wind  and 
tidal  curmits  and  for  transiting  the  channel  at  ni^  In  die  following  sections 
the  additiorud  emrance  area  sinailations  are  discussed  (fairing  vriiich  tiiis  area 
was  reexamined. 
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Figure  25.  Recommended  eignment  for  Entrance  and  Horn  blend  Pass 
Chenneb  taMd  on  inbai  simidstion  tesb 
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5  Additional  Entrance  Area 
Simulations 


Additional  simulator  tests  were  schetfailed  after  the  Pascagoula  pilots 
expressed  concern  about  the  recommendations  from  the  initial  simulations. 
The  {Mlots*  primary  concern  in  the  entrance  area  was  (aiKl  is)  one  of  vessel 
control  in  Entrance  Channel  and  through  the  Horn  Island  Pass. 
Specifically,  nighttime  transits  are  considered  the  most  critical  and,  with  the 
3S0-ft  existing  channel  width  and  significant  shoaling  problems,  the  new  class 
of  lighiering  tankers  (see  section  on  ship  model  data  develofnirent)  are  limited 
by  tire  pilots  to  dt^time  tranats.  The  purpose  of  tire  additional  nmulator  tests 
was  to  focus  <»  tire  entrance  for  a  more  refined  recommendation  on  the 
required  channel  width. 


Test  Conditions  for  Entrance  Area  Simuiations 

For  these  tests  a  numerical  ship  model  was  developed  fra  the  new 
lightering  tankers  and  was  used  by  the  (nlots  in  (faqrtime  and  nighttime 
conditions  in  existing  as  well  as  three  t^erent  ^oposed  channel  widtii 
configuratirais.  These  new  lightering  taidrers  are  784  ft  long  and  122  ft  wide 
with  a  design  draft  of  36  ft  and  are  possiUy  the  largr;st  ships  in  the  world 
eqo4>ped  with  the  recently  developed  SchiUing  rudder.  Th^  rudders  are 
qrecially  designed  to  allow  up  to  70  degrees  of  deflectirai,  which  at  low  qreeds 
allows  them  to  be  used  essentially  as  stem  tiirusters.  The  exact  design  of  these 
rudders  is  profnietaiy  information;  however,  the  enhanced  effectiveness  of 
them  is  partially  due  to  the  large  deflection  angles  possible  and  partially  due  to 
end  plates  (and  otiier  undisclosed  features)  ^f^iich  prohibit  boundary  layer 
separatirai  in  tiie  lee  of  the  rudder  and  remits  in  an  redirectirai  of  tire  propeller 
wash  producing  added  lateral  force  (Ankudinov  1989).  During  the  sinudations 
tuns  were  performed  with  a  LASH  ship  as  well  as  the  tanker  m  an  effrat  to 
covra  a  wi^  range  of  ruvigation  craiditions  fra  the  harbor  entrance  area  Two 
professional  pilots  ftran  the  Pascagoula  Klots  Associatirai  participated  in  the 
tests  fra  the  Entrance  Channel  and  Horn  Island  Pass.  In  action,  Chevrrai, 
Inc.,  the  owner  and  operator  of  the  new  chos  of  lis^itering  tankers  in 
Pascagoula,  sent  a  shipnoaster  to  participaie  in  the  tests.  This  particular 
shiimuKter  did  not  have  extensive  experioice  in  transits  throu^  tiie  Pascagoula 
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channels;  however,  he  did  have  related  experirace  with  p^roleum  tankers  in 
other  harbors.  The  Pascagoula  pilots  conducted  tests  with  the  LASH  ships; 
however,  the  Chevron  shipmaster  did  d(X  because  of  lack  of  experience  on  this 
9pe  ci  vessel. 

Four  thfferent  channel  configurations  were  tested:  one  existing  and  diree 
proposed.  Figure  27  presents  comparisons  of  dte  three  inoposed  conditions 
with  the  existing  chaiinel  alignment  The  450/250,  550^00.  and  tecmnmraded 
(450/350)  channels  are  the  same  configurations  as  for  the  initiai  simulation 
tests.  Since  the  lightering  tankers  ate  in  ballast  loading  condition  when 
outbound,  only  inbound  transits  were  tested.  The  transits  started  at  the  channel 
entrance  and  ended  after  the  second  bend  near  Petit  Bois  Island.  The  drafts  of 
the  ships  were  the  same  as  for  the  earlier  tests.  The  two  fnlots  conducted  runs 
in  each  channel  alignment  during  simulated  daytime  and  nighttime  conditions 
with  both  the  LASH  ship  and  tanker.  Therefore,  16  runs  were  conqrleted  by 
each  of  the  two  pilots.  The  shipmaster  conducted  ei^t  runs  widi  tanker 
only. 

Odier  test  conditions  included  a  254aiot  easterly  wind  impoaed  during  the 
LASH  sh^  tests.  No  wind  was  included  in  the  tanker  tests.  In  addition, 
maximum  firing  ebb  tide  throng  Horn  Island  Pass  was  tested  instead  of  the 
crosscurrent  condition  used  during  the  first  set  ai  simnlaior  tests.  This 
condition  was  from  die  same  tidal  cycle  but  at  a  diflerent  hour.  Refer  to 
Figure  5  for  a  picture  ai  die  currents  in  the  simulated  test  channeL  This  figure 
dqncts  the  currents  for  the  existing  charmel  scenario.  Similar  cntient  patterns 
woe  used  in  the  sjuailations  for  the  diree  proposed  duamel  scenarios.  The 
vectors  are  difficult  to  discem  in  die  ocean  entrance  because  diey  are  directly 
perpoidicular  to  die  charmel  alignment  Maximum  dqnh-averaged  current 
velocity  in  the  vicinity  of  Petit  Bois  Isl>'  ’  is  on  the  order  of  2.0  knots. 
Ifowever.  more  important  dian  die  cui.w.  velocity  in  diis  area  is  the  current 
direction  which  is  strongly  influenced  by  the  proximity  of  the  island.  U  should 
be  noted  that  these  channel  currents  are  more  critical  for  the  Horn  bland  Pass 
than  diose  used  doting  the  initial  siimlations. 

One  of  the  primary  purposes  die  additional  simulations  was  to  test 
nighttime  commons.  To  simulate  darkness,  the  amount  of  information 
presented  to  die  (nlots  on  die  shmlator  was  reduced  to  a  minimal  feveL 
During  (htytime  tests,  the  pilots  had  the  visual  scene  as  well  as  die  simulated 
radar  screen  for  guidance.  During  ni^ittime  tests,  die  romn  was  darkened  and 
die  radar  screen  was  turned  trff  aUowing  the  pilots  to  see  only  the  flashing 
navigation  limits  in  die  visual  scene.  Thu  was  done  as  a  practical  way  to  deny 
die  pilots  the  same  amount  of  informatkm  as  was  available  during  daytime 
runs,  thus  creating  die  most  difficult  visual  condition.  During  either  time  of 
day,  the  pilot  had  access  to  digital  navigation  data  such  as  heading  and  shqi’s 
qieed. 
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Validation  Tasis 


The  fim  Pascagoula  inlot  to  visit  WES  conducted  a  brief  validation  of  the 
sinnilator  model  before  proceeding  with  the  actual  test  lat^ram.  Many  of  dte 
congMoents  of  the  simulation  had  already  been  validated  pritH-  to  the  initial  test 
program:  however,  some  additional  pilot  ofrinion  was  required  fm*  such  things 
as  the  new  ship  model  and  die  new  current  condition,  liie  pilot  was  satisfied 
that  the  currents  used  in  the  simuladon  approximated  a  qiring  tide  situmion 
adequately.  The  primary  modificatioo  to  the  simulation  stemming  fimn  the 
validation  involv^  the  available  ruddo-  angle  for  the  lightering  tankn-.  As 
mentioned,  these  ships  are  equipped  with  a  Schilling  type  rudder  which  allows 
deflection  angles  up  to  70  dc^r^.  This  range  of  nid^  movement  created  a 
situation  in  which  the  pilots  tended  to  lose  control  of  the  ship  wlule  steering. 

(b  is  notinal  practice  for  the  frilots  to  take  the  conn  themselves  at  the  WES 
simulator).  It  qipeated  dut  die  pilot,  being  relatively  unfamiliar  with  the  new 
type  ai  rudder,  as  well  as  the  simulator,  acted  as  if  die  ship’s  wheel  on  the 
simulator  had  a  35slegrBe  maximum  angle.  When  the  pilot  went  hard-over 
widi  die  rudder,  it  deflected  to  70  degrees  instead  of  the  anticipated  35  degrees 
cansing  the  ship  to  swing  foster  and  requiring  much  more  time  for  the  rudder 
to  react  to  a  reversal  command.  Since  the  pilot  stated  that  rudder  commands 
on  an  actual  ship  ate  not  normally  issued  in  excess  of  35  degrees  in  the  test 
area  (evra  widi  70  degrees  available),  it  was  decided  to  limit  the  simulator’s 
wheel  to  the  lower  range  so  the  pilots  could  maintain  more  realistic  operating 
conditions.  It  should  be  noted  ^  Ankudinov  1989  shows  that  in  the 
deflection  angle  range  of  -35  to  <f35  degrees  the  effectiveness  of  die  Schilling 
rudder  is  not  significantly  different  from  a  ccmventional  rudder.  This  suggests 
that  the  new  lightering  tankers  will  probably  not  be  any  easier  to  control  in  the 
Pascagoula  entrance  than  the  older  vessels. 


Trackllne  Results 

Hgures  28-31  show  conqiosite  pilot  traddines  fw  the  four  test  channels  of 
the  rughttime  srmulation  testing  pixigram.  These  plots  are  time-of-day 
conqwsites  depicting  the  runs  of  all  pilots  widi  b^  test  vessels  for  ^ytime 
and  ni^ttime  conditions  separately.  Each  plot  includes  three  tanker  runs  and 
two  LASH  ship  runs.  The  two  time-of-day  conditions  are  arranged  side-by- 
side  for  each  test  channel  for  quick  comparison.  It  should  be  cautioned  tiiat 
the  current  direction  diown  on  these  plots  is  only  for  genera!  refermce;  for  a 
more  detailed  current  pattern  depiction  see  Hgure  5. 
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Figure  31 .  Recomironded  channel  oompo^  trackitnee  for  entrance  area  simulaUons 


Hgure  28  presents  the  tuns  for  the  existing  channel.  The  most  obvious 
pattern  seen  in  these  plots  is  the  excursion  beyond  the  weston  channel  limit 
opposite  Petit  Bois  Island.  I^nm  pilot  comments  during  diese  tests,  as  well  as 
during  the  earlier  simulations,  this  particular  transit  path  is  common,  designed 
to  advantage  of  naturally  deep  water  on  the  western  side.  However,  the 
pilots  also  generally  believed  that  the  bank  and  current  effects  in  the 
simulation  model  woe  mcne  severe  than  they  expected  causing  the  ‘^•sh^ied” 
path  to  be  more  pronounced.  This  occurrence  i^^tears  to  be  nnore  prominent 
during  daytime  conditions:  however,  this  ^jparent  day/night  difference  is 
considered  insignificant  because  the  tracklines  frrnn  dae  jm^aosed  channel 
scenarios  (to  be  discussed  later)  do  not  show  any  such  (Merence.  OvNall,  the 
existing  channel  tracklines  through  Horn  Island  Pass  show  a  very  similar 
pattnn  to  those  in  tiie  (m^aosed  scenarios.  Elsewhere,  in  the  Entrance 
Channel,  the  daytime  runs  exhibit  a  slightly  tighter  pattern  when  compered  to 
ni^ttime  tuns. 

Hgure  29  presents  the  pilot  tracklines  for  the  4S(V250  proposed  channel. 
The  channel  reaches  are  listed  on  the  drawings  together  with  their  respective 
proposed  widths.  The  dashed  line  <mi  the  easton  side  of  the  channel  adjacent 
Petit  Bois  Island  indicates  the  western  edge  of  the  proposed  sediment 
inqaounding  basin  maridng  the  authorized  channel  edge.  East  of  tiiis  line  the 
pilots  cannot  assume  the  channel  will  be  continuously  maintained  to  tiie 
authorized  channel  deptii.  Through  the  Entrance  Channel  nighttime  conditions 
did  not  seem  to  affect  the  paths  of  the  ships  witii  little  trouble  evident  under 
either  condititm.  For  both  daytime  and  nighttime  conditions,  the  pilots  came 
very  close  to  the  edge  of  the  imfXMuiding  basin  during  the  swing  around  the 
first  Horn  Island  Pass  bend.  After  this,  the  same  wide  swing  around  Petit  Bois 
Island  as  in  the  existing  channel  is  evident,  witii  insignificant  difference  due  to 
time  of  day.  Even  with  the  wider  channel,  drifting  beyond  the  channel  limit 
did  occur  on  the  western  side.  All  the  pilots  performed  the  typical  S-tum 
around  the  island  and  second  bend.  Otie  fnlot  during  nighttime  conditions 
swung  too  wide  and  his  trackline  extended  beytmd  the  chamiel  limit  rai  the 
eastern  side  in  the  bend.  After  the  bend,  the  pilots  had  difficulty  negotiating 
the  quick  transition  down  to  a  width  of  2S0  ft,  much  as  they  did  during  the 
original  simulations. 

Figure  30  shows  die  tracklines  for  the  550/300  channel.  Again,  little 
difficulty  was  experienced  in  the  Entrance  Chaimel;  however,  a  slightly  wider 
trackline  spread  is  evident  in  the  nighttime  conqiosite  drawing.  One  pilot 
came  close  to  the  impounding  basin  edge  during  daytime  conditions  following 
the  first  bend;  other  than  that,  good  clearance  is  seen  in  tiie  area.  Agiun,  for 
either  time  of  day  the  pilots  conducted  the  conunon  S-tum  around  the  end  of 
the  island  and  the  second  bend.  However,  it  is  evident  that  the  pilots  were 
able  in  a  few  instances  to  maintain  a  relatively  smooth  single  turn  through  the 
same  area  (also  true  in  the  (Mvceding  plots). 

Hgure  31  shows  the  tracklines  for  the  chaiuiel  configuration  recommended 
in  the  initial  simulation  program  already  discussed.  This  channel  is  similar  to 
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the  ASOnSQ  channel  with  the  exceptions  of  the  Pascagoula  Chamiel  being  350 
ft  wide  and  the  existence  oS  differ^  bend  conftgurations.  The  S-tnm  at  the 
end  of  Pedt  Bois  iflud  was  conducted  sinularly  as  in  the  odier  duumels; 
however,  the  conqwsite  trackline  appears  smoother.  Little  difietence  is  seen  in 
pilot  performance  between  da3rtime  and  nighttime  tuns  with  the  exoqition  of 
the  one  ^lot  who  ran  out  of  the  channel  after  the  second  bend  during  ni^ 
conditions.  It  is  evident  diat  when  the  Horn  Ishmd  Pass  duamel  was  simulated 
as  500  ft  wide  (recommended  and  45(V250  duumels)  die  fulots  tended  to  drift 
into  the  sediment  basin  area  on  the  outside  ci  the  first  be^.  hi  the  550/300 
channel.  Figure  30.  diis  occurred  with  only  one  pilot  Chi  Figure  31  die 
gradual  transition  ftom  the  second  bend  down  to  die  350-ft  wkUi  in  the  Lower 
Pascagoula  Channel  seoned  to  provide  the  pilots  better  conditions  for  the 
control  of  their  vessels,  (hunparison  of  die  present  tncklines  with  dwse  on 
Rguies  28.  29.  and  30  indicates  better  control  in  diis  area  with  a  smoother 
path,  except  for  the  one  traddine  mentioned  previously. 

In  an  effort  to  answer  a  particolar  inlot  concern,  a  few  tests  were  run  using 
the  horizontal  wave  motion  capability  on  the  simulator.  This  particular 
modeling  cqwbility  has  not  bm  strkdy  verified  against  real  data; 
consequendy.  it  was  used  in  a  limbed  ciqiadty  to  provide  some  reasondde 
measure  of  die  efied  of  waves  on  vessel  navigation  in  the  Entrance  Channel  of 
die  Pascagoula  Harbor.  It  was  determined  that  the  waves  incidrat  from  the 
southeast  ditection  had  the  longest  mean  period  of  5.7  seconds  with  a 
coincident  significant  wave  heij^t  (rf  5  ft.  Since  this  wave  directum  results  in 
qiproximaiBly  beam  waves  on  a  shty  in  die  Entrance  C^uuinel,  these  wave 
conditions  would  promde  a  measure  of  a  reasorml^  dten  occurring  condition. 
A  period  of  5.7  seconds  or  shotto'  occurs  qiproximately  80%  of  the  time  in 
the  Pascagoula  area,  hi  diese  approxirmte  beni  wave  conditions  it  can  be 
expected  dutt  wave  drift  would  be  close  to  a  noaximum  aiiich  would  cause  die 
most  difficulty  to  the  pilot  in  course  keqiing.  Tests  were  conducted  in  diese 
wave  conditions  with  the  shipmaster  in  Entrance  Giannel  and  Horn  Island 
Pass  ftv  die  existing  and  recommended  configurations.  One  test  was  run  in 
both  of  diese  channds  for  daytime  and  nighttime  conditions  widi  die  loaded 
tanker.  During  dwse  runs,  dw  path  of  dw  ships  did  not  qipred^y  change  in 
conqiarison  to  the  earlier  runs  widxmt  waves.  Evrai  widi  the  very  low 
anqilitude  oscillations  noted  on  the  simulator  during  these  runs.  Ac  shipmaster 
stated  diat  the  response  was  too  large;  tberelbre,  it  is  reasonaUe  to  predict  that 
generally  dw  most  ftequendy  occurring  wave  conditions  will  not  af^ 
navigation  in  a  450-ft  wide  Entrance  Qiantwl. 


Statistical  Analysis  of  Control  Measures 

Investigation  of  the  entrance  area  tests  invdved  draermining  r^iat  effect 
both  cbaniwl  alignment  and  tinw  of  day  bad  on  the  amount  ai  ship  power 
used.  The  general  premise  was  that  the  safest  most  efficient  dianml  would 
require  a  lower  level  of  ship  power  in  conqwrisrm  to  the  other  alignments. 
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This  investigstion  centered  on  staristicsl  analym  of  the  nuuieuvering  factor, 
defined  during  the  discussion  of  the  initial  simulations.  The  maneuvering 
fictor  was  examined  in  two  ways:  (a)  averaging  descriptive  suaistics  far  all 
pik)ts  across  each  lOOO-ft  chanMl  section  as  described  earlier,  and  (b) 
averaging  descrqitive  statistics  for  each  pilot  across  the  entire  channel  and  Aen 
testing  for  significant  difietences  based  cm  channel  design  and  time  of  day. 

The  first  method  was  used  as  before  to  construct  plots  showii^  the  wiability 
along  the  channel  of  the  “avefage”  pilot  tun.  Visual  comparisons  b^ween 
difierent  conditions  were  made.  In  addition,  for  the  present  study  diis  mettod 
is  taken  one  step  futdier  and  the  areas  under  the  curves  from  th^  plots  are 
grqriiically  detennined,  thm  divided  by  length  of  channel  and  used  for 
ccmqMtisons  between  the  different  test  cmditions.  These  results  constitute  a 
per-fbot-of-channel  unit  measure  of  the  amount  of  sh^  power  used.  Statistical 
significance  for  cotqMtisons  cannot  be  acceptably  cbed^  using  this  method 
because  the  averaging  procedure  reduces  the  number  of  saii^les  in  each 
condition  and  therein  reduces  the  available  d^rees  of  freedom.  This  proUem 
was  remedied  by  using  die  second  mediod  mentioned  above  which  greatly 
increases  the  number  of  sanqiles  per  test  condition  analysis. 

Rgures  32-35  show  maneuvering  fadors  generated  by  the  first  analysis 
method.  These  plots  ate  for  eadi  of  the  test  channels  and  include  resuite  from 
both  test  ships  ^  bodi  ni^t  and  day  tuns.  As  e^qilained  above  these  plots 
were  grqdiicaUy  analyzed  for  duee  particular  measures:  die  absolute  sum  and 
die  algdiraic  sum  of  all  die  areas  under  the  mean  curre  and  the  total  area 
under  the  standard  deviation  curve.  These  values  were  dm  divided  by  the 
length  of  diaimel  analyzed.  Table  4  shows  the  results  of  this  analysis  with  the 
channel  design  compatistm  at  die  top  and  the  time  of  day  conqMuisai  at  die 
bottcHn.  Included  in  the  channel  conqiaristm  are  figures  resulting  fiom  die  part 
of  the  channel  between  the  second  channel  Imd  near  P^t  Bois  Island  and 
where  the  channel  is  constricted  to  the  narrow  width  in  the  Lower  Pascagoula 
Channel.  This  latter  analysis  was  carried  out  to  determine  if  die  gradual 
transition  zone  in  the  teconmiended  channel  (from  the  eidier  simulations) 
provided  the  desired  benetii  .'if  easier  control  to  the  pilots.  In  the  figures  for 
the  oitire  channel,  it  is  interesting  to  note  that  all  the  channels  required  a  net 
starboard  (negative)  marmvering  factor  depute  the  fact  that  the  section  of  the 
charmel  tested  has  two  port  bends.  In  other  words,  die  fight  i^ainst  wind  (ftv 
LASH  ships)  and  ebb  current,  widi  die  former  directed  toward  the  west 
(equivalent  to  port  for  diese  tests)  and  the  latter  also  directed  toward  the  west 
in  critical  areas,  required  so  much  starboard  redder  it  overvdielmed  the 
requirenmt  to  negotiate  the  two  bends.  Rom  the  table,  die  figure  fOT  die 
550/300  channel  came  closest  to  being  balanced.  This  is  undoubtedly  dim  to 
the  extra  channel  width  avidlable  in  this  case.  The  varialnlity  of  the 
maneuvering  factor  (standard  deviation)  was  lowest  for  the  recommended 
channel.  The  average  absolute  level  of  ship  powf^  <ised  was  actually  highest 
in  the  recommended  channel;  however,  this  is  ^  ely  due  to  a  more 
consistent  path  taken  by  the  different  pilots  (comp?  Figures  28-31)  in  this 
particular  charuiel. 
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Figure  32.  Average  mi 


1 1* 

i  Sib 

-J  o 


1  1  1  I  1 

1  1  ‘ 

1  I  f  1  1 

1  1 

f  (  (  i  I  1 

§  §  8 

O 

auMniusaBuc 

aoNoiuTioMau 

NouMnaa 

ONONViS 

Figure  33.  Average  maneuvering  fador  exieting  channei 
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Figure  34.  Average  maneuvering  fac^K  4S(y250  channol 
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DAYTME  AND 


This  higher  connstracy  suggests  that  ^  pilots  were  making  arntrol  decisions 
at  roughly  the  same  points  along  the  channel  dier^  causing  the  avnages  to 
increase  because  of  a  fe^r  number  of  offsetting  values.  In  the  figures  for  the 
channel  readi  after  the  second  bend,  it  is  evident  that  the  gradual  transition  in 
the  rBcommmided  channel  indeed  helped  the  pilots,  indicated  by  the  lowor 
vaiid>ility  and  more  balanced  net  maneuvering  factor  in  con^Mristm  to  the 
other  channels.  Please  note  that  even  in  this  part  of  the  channel,  the  post  bend, 
the  pilots  had  to  use  net  starboard  ship  power  in  the  existing  channel.  Once 
again  the  average  absolute  power  used  by  the  i^ots  was  hi^r  in  the 
recommended  channel  dum  in  the  other  propo^  channels  probably  due,  again, 
to  a  mrae  consistent  path  taken  by  the  pilots. 

Using  the  second  method  described  earlier,  an  analysis  of  variance  was 
carried  out  <»  the  mean  maneuvering  fiictmr  for  the  entire  run  for  a  test  of 
significance  on  the  differences  in  the  550/300  channel.  The  analysis  showed 
that  at  the  90%  confidence  level  diere  was  indeed  a  significandy  lower  level  of 
mean  ship  power  used  in  die  550/300  channel.  From  the  tnckline  plots  it  is 
evident  ^  the  Horn  Island  Pass  required  the  greatest  amount  of  ^p  power 
during  the  simulation  tests.  This  suggests  that  die  lower  levels  of  maneuvering 
factor  in  the  550/300  channel  ate  predtHninandy  attributable  to  the  channel 
widdi  in  this  reach.  Omsequoidy,  the  results  of  diis  analysis  ate  that  600  ft  is 
needed  in  the  Horn  Island  Pass  leading  to  a  gradual  transition  down  to  the 
recommended  350  ft  in  the  Lower  Pascagoula  Qiannel. 


Pilot  Ratings  for  Channel  Comparison 

For  the  entrance  area  tests,  the  same  type  of  pilot  quesdontuire  analysis 
was  carried  out  as  for  die  inidal  sunuladons.  The  questionnaire  handed  to  the 
pilots  after  each  run  was  the  same  as  fw  the  earlier  sinulations;  however,  the 
final  debriefing  questionnaire  was  modified  for  the  new  tests.  Appendix  A 
includes  an  exatrqile  of  the  final  questioruaire  and  the  pilots’  responses  to  die 
questions  are  list^. 

Table  5  shows  the  normalized  average  pilot  ratings  arranged  for  channel 
alignment  conqiarismis.  Again,  negative  ratings  signify  easier  ctmditions  for 
controllability  and  difficulty  and  a  lower  level  of  accuracy.  The  pilots  on 
average  were  rather  noiKomtnittal  concerning  the  realism  of  ship  behavior 
except  in  the  550/300  channel  in  which  a  mme  accurate  rating  was  obtained. 
The  reasrai  for  this  may  be  that,  based  on  their  comments,  the  pilots  generally 
considered  die  bank  and  current  forces  to  be  more  severe  than  expected. 
Because  of  wider  widths,  test  conditions  in  the  550/300  channel  woe  less 
critical  and  possibly  closer  to  what  the  pilots  normally  experience.  For  the  run 
difficulty  it  is  evident  that  the  pilots  considered  the  wider  channels  easier.  The 
lowest  rating,  for  the  recommoided  channel,  most  likely  is  a  result  of  the 
gradual  transition  allowing  the  pilot  an  easier  transit 
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TabtoS 

ChaniMl  Comptrteon 

1 

AeouraeyofSMp 

OpniPOfliMHiy 

1  Cliwinal 

DMIeuMy  of  Run 

MMtar 

otSMp 

1  ExMkig 

0.3 

■0.1 

0.2 

1  480080 

-0.1 

■0.1 

0.4 

1  560000 

•OJ 

0.6 

ao 

1  Ruoommgndgd 

-0.6 

0.0 

0.2 

The  ratiiigs  for  ship  controllability  are  difficult  to  inteipret;  however,  the 
widest  channel  did  receive  the  lowest  (eauest)  rating. 


Daytime  versus  Nighttime  Analysis 

Included  in  Table  4  is  a  different  groiq>ing  of  maneuvering  factor 
descriptive  statistics  from  die  entrance  area  amnlations  for  a  cmnparison  of  the 
amount  of  ship  powm*  the  pilots  used  in  daytime  and  nighttime  conditions. 
These  numbers  were  generated  using  the  first  method  of  statistical  analysis 
described  earlier  and  includes  results  from  all  pilot  runs.  It  is  evident  that  the 
absolute  level  of  ship  power  and  the  variability  of  tiut  power  on  a  per>foot*of- 
channel  basis  differs  only  slightly  between  daytime  and  nightrime  conditions. 
For  the  net  maneuvering  factor  die  reailts  show  diat  diere  is  a  difference 
between  the  two  time  of  day  conditions  for  each  of  the  channels;  that  is,  at 
nighttime  more  starboard  ruddo’  wat.  used  dian  in  daytime.  To  determine 
significant  statistical  differmce  between  night  and  day  runs,  die  secmd 
analysis  method  was  used  by  generating  the  net  maneuvering  fsctOT  for  each  of 
the  pilots’  runs  separately  and  perforating  an  analysis  of  variance  based  on  a 
dity  versos  night  grouping.  At  a  90%  confidence  level  this  procedure  indicates 
thtt  there  is  no  significant  rhffeience  based  on  time  of  day  for  this  particular 
crmtrol  measure. 


Pilot  Ratings  for  Day  versus  Night  Conditions 

Table  6  shows  the  pilot  ratings  from  Table  5  in  a  day  versus  night 
grouping.  In  general,  the  data  above  indicate  that  the  pilots  considered  the 
ni^ttime  runs  slighdy  easier  and  the  ship  behavior  slighdy  less  «xurate  dian 
the  daytime  runs.  The  actual  significance  of  these  results  is  difficult  to 
detern^;  however,  diey  do  generally  reflect  the  pilots’  opinicms  concerning 
nighttime  simolaticMi  runs.  Prior  to  the  start  of  the  entrance  area  tests,  the  pilots 
stated  that  diey  did  not  expect  any  difference  on  the  simulate  between 
daytime  and  nighttime  runs. 
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6  Final  Conclusions  and 
Recommendations 


Conclusions 

The  main  conclusions  of  the  simulator  study  are  listed  below. 

a  One  of  |»imaiy  control  problems  which  the  pilots  face  in  the  existing 
configuration  of  the  Pascagoula  harbor  area  is  caused  by  the  interaction 
between  narrow  straight  channel  reaches  with  high  banks  and  the  need 
of  the  pilots  to  slow  down  in  preparation  for  bends  and  charmel 
narrowings.  Specifically,  these  difficulties  are  most  predominant  at  the 
two  entrance  area  bends  and  at  the  entrance  to  the  Bayou  Casotie 
Channel.  Adequate  channel  width  and  bend  widenings  are  needed  to 
alleviate  these  problems  for  the  proposed  channel  conditions. 

b.  The  most  critical  conditions  were  not  tested  in  the  Upper  Pascagoula 
Channel  based  on  the  pilots  trillion  that  the  channel  was  to  easy  to 
negotiate.  The  indication  is  that  the  very  large  bulk  carrier  used  for  the 
prqiosed  conditions  was  too  slow  and  hMvy  to  react  to  the  bank  effects 
present  in  the  channel.  Perhaps  a  smaller  ship  with  equal  draft  or  a 
ship  with  a  wider  beam  would  be  mon  criticd.  It  was  concluded  that 
since  this  reach  has  a  similar  cmifiguration  to  the  Lower  Pascagoula 
Channel,  the  conclusions  for  the  latter  could  be  applied  here  as  well. 

c.  Of  the  two  series  of  tests  conducted  in  the  entrance  area,  the  last 
simulations  presented  the  most  critical  set  of  conditions.  Analysis 
indicates  the  consistent  S-tum  that  the  pilots  conduct  in  the  Horn  Island 
Pass  is  because  of  a  combined  effect  of  the  strong  spring  tidal  currents 
and  the  bank  effects  along  the  eastern  side  of  the  channel.  As  the  pilot 
comes  around  the  first  bend  and  iq)proaches  Petit  Bois  Island,  the 
currents  (Figure  5)  push  the  ship  toward  the  east  where  high  banks 
cause  the  ship  to  rotate  to  port  and  head  to  the  west.  As  the  ship  gets 
closer  to  the  island,  the  currents  first  line  up  with  the  channel,  and  then 
shift  toward  the  west.  The  current  then  acts  on  the  starboard  side, 
reinforcing  the  western  push.  After  this  process  starts,  the  vessel  drifts 
beyond  the  western  channel  edge  aiKf  the  pilot  reacts  with  starboard 
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helm  in  older  to  clear  the  inside  corder  of  the  second  bend. 
Furthemiore,  now,  with  the  ship  oriented  toward  the  east,  the  cunents 
act  on  the  pent  side  of  the  vessel  making  it  difficult  to  bring  the  ship’s 
bow  to  ptHt  to  conqilete  die  maneuver  around  the  bend.  The  pilots 
iqieatedly  said  that  diis  is  a  realistic  sequence  of  events;  however,  they 
alra  said  that  the  simulated  conditions  were  stronger  than  they  normally 
experienced.  This  observation  could  reflect  the  fairiy  infrequent 
occurrence  of  inbound  transits  during  a  spring  tide  ebb. 

dl  In  the  Bayou  Casotte  Channel,  the  channel  width  is  not  as  critical 
because  of  lower  currents,  slower  ship  speed  and  available  tug-assist. 
An  exception  to  this  statement  is  ma^  fm  the  entrance  into  the  channel 
where  actional  width  is  needed  for  good  ship  control  while  slowing 
down.  The  simulations  showed  and  the  pilots  agreed  that  a  constriction 
in  channel  width  at  die  pipeline  crossing  would  be  acceptable 
considering  the  locatitm  near  the  cmiter  of  the  reach  far  from  the 
entrance.  The  proposed  turning  basin  is  adequate  in  size,  with  one 
modification,  and  should  provide  good  time  reduction  benefits  to 
turning  vessels. 


Recommendations 

Despite  the  pilots’  opinions  concerning  the  severity  of  the  simulated 
conditions,  it  seems  reasonable  to  recommend  increased  width  in  the  Horn 
Island  Pass  above  that  udiich  was  recommoided  after  the  initial  simulations. 

An  additional  100  ft  on  the  western  side  of  die  channel  through  die  pass  would 
aUow  more  room  for  the  pilots  to  combat  the  shifting  currents  and  high  banks 
in  the  area.  In  addition,  a  100-ft  additional  widening  in  the  bend  between  the 
Entrance  Channel  and  Horn  Island  Pass  would  provide  die  pilots  addititmal 
room  on  the  western  side  of  die  bend  to  avoid  drifting  into  the  proposed 
sediment  iiiqKMinding  basin  on  the  eastern  side  where  available  water  of 
inqject  depth  cannot  be  relied  upon.  Based  on  diese  findings,  it  is 
recommended  that  the  Horn  Island  Pass  channel  be  maintained  at  600  ft  wide. 
Hgure  36  details  the  recommended  dimensions  in  the  entrance  area.  The 
recommendations  for  die  navigation  channel  in  the  rest  of  die  harbor  remain 
unchanged  from  die  initial  emulation  tests. 
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Appendix  A 

Pilot  Comments  and 

Questionnaires 
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PASCAGOULA  PILOT  TEST  QUESTIONNAIRE 

INITIAL  SIMULATION  TESTS  1 

PILOT 

RUN  CODE  1 

RUN  START  TIME 

RUN  END  TINE 

DATE 

The  purpose  of  this  questionnaire  is  to  document  your  comments 
concerning  the  simulator  run  you  just  made.  For  each  question 
circle  your  rating  on  the  accompanying  scale. 

1.  How  do  you  rate 

the  difficulty  of  the  last  run? 

very 

very 

simple 

difficult 

0  12  3 

4  5  6  7  8  9  10 

2.  How  accurate  was  the  behavior  of  the  ship? 

very 

very 

inaccurate 

accurate 

0  12  3 

4  5  6  7  8  9  10 

3 .  How  would  you 
following  reaches? 

rate  the  controllability  of  the  ship  in  the 

very 

very 

easy 

difficult 

Entrance  Channel 

0  12  3 

4  5  6  7  8  9  10 

very 

very 

easy 

difficult 

Horn  Island  Pass 

0  12  3 

4  5  6  7  8  9  10 

very 

very 

easy 

difficult 

Lower  Pascagoula 

Channel 

0  12  3 

4  5  6  7  8  9  10 
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very 

easy 

0  12  3  4 

5 

very 

difficult 

6  7  8  9  10 

very 

very 

easy 

difficult 

0  12  3  4 

5 

6  7  8  9  10 

4.  overall,  how  would 

you 

rate  the  accuracy 

effects? 

very 

very 

unrealistic 

realistic 

0  12  3  4 

5 

6  7  8  9  10 

5.  Overall,  how  do  you  rate  the  accuracy  of 

ship? 

very 

very 

unrealistic 

realistic 

0  12  3  4 

5 

6  7  8  9  10 

6.  How  accurate  were 

the 

current  effects? 

very 

very 

unrealistic 

realistic 

0  12  3  4 

5 

6  7  8  9  10 

Upper  Pascagoula 
Channel 


Bayou  Casotte  Channel 


7.  Please  feel  free  to  sake  coanents  concerning  the  simulator  run 
you  just  completed. 
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PASCAGOULA  PILOT  TEST  QUESTIONNAIRE 
ENTRANCE  AREA  SIMULATION  TESTS 


PILOT  _ 

RUN  CODE  _ 

RUN  START  TIME  _ 

RUN  END  TIME  _ 

DATE  _ 

The  purpose  of  this  questionnaire  is  to  document  your  comnents 
concerning  the  simulator  run  you  just  made.  For  each  question 
circle  your  rating  on  the  accompanying  scale. 

1.  How  do  you  rate  the  difficulty  of  the  last  run? 

very  very 

simple  difficult 

0123456789  10 


2.  How  accurate  was  the  behavior  of  the  ship? 

very  very 

inaccurate  accurate 

0123456789  10 


3.  How  would  you  rate  the  controlled>illty  of  the  ship? 

very  very 

easy  difficult 

0123456789  10 


4.  Overall,  how  would  you  rate  the  accuracy  of  the  simulated  bank 
effects? 

very  very 

unrealistic  realistic 

0123456789  10 
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5.  Overall  f  how  do  you  rate  the  accuracy  of  the  wind  effect  on  the 
ship? 


very  very 

unrealistic  realistic 

0123456789  10 


6.  How  accurate  were  the  current  effects? 

very  very 

unrealistic  realistic 

0123456789  10 

7.  Please  feel  free  to  nake  coments  concerning  the  siaulator  run 
you  just  completed. 
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PASCAGOULA  HARBOR  NAVIGATION  STUDY 
INITIAL  SIMULATION  TESTS 
FINAL  QUESTIONNAIRE 

This  questionnaire  is  for  the  purpose  of  docuaentinq  your 
thoughts  on  the  proposed  changes  to  the  Pascagoula  and  Bayou 
Casotte  Channels. 

1.  With  the  consideration  that  initial  and  maintenance  dredging 
costs  are  major  factors  in  project  viability,  what  channel  widths 
would  you  recommend  in  the  following  reaches?  Please  explain,  with 
specifics,  the  reasons  for  your  answers. 

a.  Entrance  Channel  (from  buoy  #5  and  #6,  seaward) 

b.  Horn  Island  Pass 

c.  Lower  Pascagoula  Channel 

d.  Upper  Pascagoula  Channel 

e.  Bayou  Casotte  Channel 

2.  Given  a  specific  chemnel  width,  what  do  you  recommend  as  the 
minimum  desirable  narrowing  at  the  specific  pipeline  crossings  in 
the  area,  e.g.,  should  the  constriction  be  only  50  ft  narrower  than 
the  channel  or  is  a  value  of  100  ft  acceptable?  Please  explain. 

3.  Were  the  bend  widenings  in  the  proposed  channels  adequate? 
Please  specify  points  of  concern,  if  any. 

4.  List  any  recommended  modifications  that  you  feel  are  necessary 
to  the  system  of  navigation  aids  in  the  channels. 

5.  Was  the  turning  basin  design  in  the  Bayou  Casotte  channel 
adequate? 

6.  In  your  opinion  what  are  some  of  the  improvements  needed  in  the 
simulation  which  might  enhance  our  ability  to  conduct  navigation 
studies . 
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PILOT  RESPONSES  TO  FINAL  QUESTIONNAIRE 
INITIAL  SIMULATION  TESTS 


QUESTION  1 

a.  Entrance  Channel 

Pilot  A  -  400  to  600  ft  due  to  strong  sets  encountered  as  a 
result  of  %flnd  t  current.  As  related  to  the  large 
deep  draft  ships  we  are  expected  to  handle. 

Pilot  B  -  No  less  than  500  ft.  The  new  Chevron  "R.  Hal  Dean" 
class  of  crude  tankers  utilizing  the  channel  are 
extremely  sluggish  and  need  a  larger  channel.  The 
"Sam  Houston"  class  of  LASH  ships  are  oversized  for 
the  present  channel. 

Pilot  C  -  550  ft  minimum  width  because  of  the  tremendous  cross 
current  and  also  strong  cross  winds  for  our  length  of 
ships . 

Pilot  D  -  550  ft  because  of  swells,  current  and  the  large 

vessels  that  come  into  the  Pass.  And  wanting  to  bring 
large  vessels  in  at  night. 

Pilot  E  -  600  ft,  present  width  inadequate  for  night  piloting, 
and  current  effect. 

b.  Horn  Island  Pass 

Pilot  A  -  400  ft  -  strong  sets  are  encountered  up  to  buoy  15. 

Pilot  B  -  Same  as  Entrance  Channel. 

Pilot  C  -  From  buoy  15  to  buoy  11  same  as  is  today,  from  buoy 
11  to  buoy  5  600  feet  because  of  cross  currents. 

Pilot  D  -  Same  as  Entrance  Channel. 

Pilot  E  •>  600  ft,  present  width  inadequate  for  night  piloting 
and  current  effect. 

c.  Lower  Pascagoula  Channel 

Pilot  A  -  350  >  400  ft.  At  faster  speeds  sometimes  required  to 
transit  the  bar  channel  it  would  help  to  have  a  wider 
channel  in  this  area  for  slowing  down. 

Pilot  B  -  Deepen  to  42  ft.  Ship  squat  creates  maneuvering 
difficulties  and  a  38  ft  channel  silts  quickly 
restricting  36  ft  drafts. 

Pilot  C  >  We  recommend  350  ft  as  is.  This  is  a  fine  width  for 
our  ships  we  now  handle. 

Pilot  D  -  At  least  350  ft. 
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Pilot  E  -  400  ft,  presently  no  room  for  aeurgin  of  error  or 

operation  in  poor  visibility  or  restricted  visibility. 

d.  Upper  Pascagoula  Channel 

Pilot  A  -  350  ft. 

Pilot  B  -  Sane  as  Lower  Pascagoula  Channel 

Pilot  C  -  We  reconnend  350  ft  as  is  today,  fine  for  the  ships 
we  now  hemdle. 

Pilot  D  -  At  least  350  ft. 

Pilot  E  -  Same  as  Lower  Pascagoula  Channel. 

e.  Bayou  Casotte  Channel 

Pilot  A  -  350  ft 

Pilot  B  -  Widen  to  275  ft  and  deepen  to  40  ft.  The  width 

presently  causes  the  existing  traffic  (785'xl23'x36' ) 
difficulty  in  passage. 

Pilot  C  -  350  ft  recommended  for  Bayou  Casotte,  the  shoaling  in 
the  channel  might  be  reduced  as  is  the  Casotte  Channel 
is  not  free  of  shoaling  but  about  5  months  a  year. 

Pilot  D  -  Maybe  300  ft. 

Pilot  E  >  Same  as  Lower  Pascagoula  Channel. 


QUESTION  2 

Pilot  A  -  I  recommend  only  50  ft  narrower  in  order  to  minimize 
bamk  effects  since  the  pipeline  crossings  in  some 
cases  are  close  to  the  turn  at  buoy  30  [near  channel 
intersection] . 

Pilot  B  -  I  recommend  only  50  ft  narrower  unless  the  length  of 
constriction  is  short,  say,  no  more  than  1200  ft 
overall;  that  is  2  ship  lengths. 

Pilot  C  -  If  the  idea  is  to  narrow  the  existing  channel  I  don't 
believe  the  channel  should  be  any  nairrower  at  any 
point  so  the  specific  pipeline  crossing  now  is 
acceptable.  I  can't  feel  that  the  narrowing  of  any 
part  of  our  channel  will  be  anything  but  a  disaster 
with  the  conditions  we  have  which  the  computer  cannot 
justify. 

Pilot  D  -  It  should  be  no  more  than  50  ft,  if  possible  no 

constriction  at  all.  Because  of  currents  and  winds 
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and  soaetiaes  reduced  visibility.  Another  reason  is 
where  the  pipelines  are  located  is  where  we  are 
slowing  the  ships  do%m,  so  the  effects  of  the  wind  and 
currents  are  a  lot  greater  on  the  ship. 

Pilot  E  -  100  ft  would  be  acceptable  if  well  narked. 


QUESTION  3 

Pilot  A  -  The  widening  appears  to  be  adequate  based  on  ny 
experience  on  the  simulator. 

Pilot  B  -  They  were  adequate  for  nomal  traffic.  For  ships  in 
excess  of  900  ft  they  nay  not  be  sufficient. 

Pilot  C  -  Yes,  the  bend  widenings  are  a  great  help.  Also,  a  bad 
bottle  neck  is  fron  beacon  #10  Bayou  Casotte  to 
Chevron  #7  berth  -  just  shave  that  comer  off. 

Pilot  D  -  I  found  the  bend  widenings  very  adequate. 

Pilot  E  -  Yes,  except  the  LASH  ship  sinulation  inbound  at  buoy 
#13  gave  ne  extreme  difficulty,  need  a  longer 
easement. 


QUESTION  4 

Pilot  A  -  Add  a  light  to  buoy  30  [at  channel  intersection]. 

Raise  the  height  of  range  C  for  Pascagoula  Channel. 
Put  a  Raycon  on  the  sea  buoy. 

Pilot  B  -  None 

Pilot  c  >  Our  navigation  aids  are  up  to  par. 

Pilot  D  -  No  recommendation. 

Pilot  E  -  Aids  are  adequate. 


QUESTION  5 

Pilot  A  -  [Was  not  asked  this  question] 

Pilot  B  -  [Was  not  asked  this  question] 

Pilot  c  -  Yes  I  believe  it  would  be  great  if  we  could  just  get 
it. 

Pilot  D  -  Yes,  with  maybe  a  couple  of  alterations. 

Pilot  E  -  No,  a  square  basin  would  be  more  accepteUale. 
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PASCAGOULA  HARBOR  NAVIGATION  STUDY 
ENTRANCE  AREA  SIMULATIONS 
FINAL  QUESTIONNAIRE 

This  questionnaire  is  for  the  purpose  of  dociuienting  your 
thoughts  on  the  different  channel  configurations  tested  during  day 
and  night  time  transits  in  the  Pascagoula  Entrance  Channel  and  Horn 
Island  Pass. 

1.  Nhat  differences  did  you  experience  between  day  and  night 
transits  on  the  simulator? 

2.  In  your  opinion,  which  of  the  ships  tested  (tanker  or  LASH)  was 
more  critical? 

3.  Which  of  the  channel  configurations  tested  in  the  simulation 
would  be  adequate  for  the  Entrance  Channel  and  Horn  Island  Pass? 

4.  Can  you  think  of  any  possible  modifications  for  the  simulator 
which  might  enhance  our  ability  to  conduct  navigation  studies? 
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PILOT  RESPONSES  TO  FINAL  QUESTIONNAIRE 
ENTRANCE  AREA  SIMULATION  TESTS 


QUESTION  1 
Pilot  A 

Pilot  B 
Pilot  C 

QUESTION  2 
Pilot  A 
Pilot  B 
Pilot  C 

QUESTION  3 
Pilot  A 

Pilot  B 


Pilot  C 

QUESTION  4 
Pilot  A 

Pilot  B 
Pilot  C 


-  Minor  differences,  slightly  more  difficult  on  the 
night  shift  except  40  ft  draft  ships  [quite]  a  bit 
harder  at  night. 

-  Mot  much  difference,  other  than  having  a  black 
background.  But  it  was  a  little  more  difficult. 

-  Day  simpler  probably  because  of  the  apparent  increase 
in  vision  depth,  etc. 


-  The  LASH  ship  was  more  critical. 

-  After  several  transits,  they  both  acted  the  same. 

-  Only  tested  tanker. 


-  For  the  two  ships  studied  the  550  ft  channel  is  great 
but  the  450  channel  with  wdening  off  the  island  proved 
adequate  with  no  more  than  36  ft  draft. 

<-  The  bend  widenings  seem  to  be  adequate.  Except  having 
trouble  around  the  Island.  But  the  bar  channel  (buoys 
1  and  2  to  7-8-9)  cannot  be  adequately  simulated 
because  of  the  swell  that  we  have  across  the  channel 
50  percent  of  the  year. 

-  The  450/500/350  [recommended]  would  appear  to  be 
satisfactory  -  certainly  the  last  leg  should  not  be 
less  than  350  ft. 


-  I  believe  the  system  you  have  would  be  hard  to  beat. 
You  are  using  the  largest  regular  ships  we  have  and 
maximum  drafts. 

-  Have  the  ability  to  simulate  the  forces  that  swell  or 
heavy  seas  [affect]  the  navigation  of  ships. 

-  Helm  and  rudder  indicator  could  be  more  readable  - 
made  larger  and  euigled  better. 
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QUESTION  6 


Pilot  A  -  Add  the  [existing]  Pascagoula  River  and  Bayou  Casotte 
Turning  Basins. 

Pilot  B  -  I  can  think  of  none. 

Pilot  C  -  The  bank  effects  the  current  and  wind  effects  that  I 
know  of  some  way  to  get  the  speed  entering  the  harbor 
down  to  a  Blninum  perhaps  this  is  up  to  the  pilot  with 
a  little  practice  on  the  computer.  In  this  test  I 
feel  that  I  was  going  too  fast  several  times  normally 
in  real  life  we  use  tugs  to  slow  us  down. 

Pilot  D  -  It  was  hard  to  tell  the  difference  between  the  ships 
simulated.  Because  of  using  the  same  controller  for 
all  the  ships.  The  only  way  to  me  was  one  ship  looked 
on  the  screen  different  and  one  was  faster. 

Pilot  E  -  The  rudder  angle  indicator  moves  to  freely  causing 
excessive  use  of  rudder.  Tilt  indicators  toward  the 
pilot  so  he  can  view  them  easier  without  having  to 
lean  forward. 
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